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ABSTRACT 


According to the Zeaman and House (1963) attention theory, the 
essential mechanism underlying discrimination shift learning is the 
attending response. It is suggested that individual differences in 
learning discrimination tasks are attributable to an attention deficit. 
Nevertheless, the performance of slow learners on a subsequent positive 
transfer task is generally improved. This improvement is attributed to 
high probability of attending to the relevant dimension when transfer 
is initiated. 

In the present study the performance of nine- to twelve-year-old 
normal children (Ns) and educable mentally retarded children (Rs) was 
compared in Slamecka's (1968) total change discrimination shift paradigm. 


Instrumental response variables were used to infer covert dimensional 
identification attending response while eye movement variables were used 
to ascertain overt observing response aspects of attending response. 

When trial of last error and percentage of learners were used as the 
dependent variable, as in the Zeaman and House studies, evidence was 
Poundwtonn(a Mrerardate tattenti onideticita(butiioniyian arditfiiculttask), 
(b) transfer of attending response, and (c) elimination of retardate 
deficit in ID shift. It was thus concluded that within a covert, 
dimensional identification interpretation, the assumptions and predictions 
of Zeaman and House theory appear justified. Nevertheless, since attend- 
ing response is both inferred from, and explained by, the instrumental 
response measure in this instance, attention theory still remains 

subject to the charge of circularity levelled by Mostofsky (1968). 


In order to meet this charge, corneally reflected eye movements 


of subjects engaged in the discrimination shift learning task were 
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photographed (Mackworth, 1967). Using the number of frames spent looking 
at the relevant and irrelevant dimensions during the first three seconds 
of information processing as dependent variables, it was found that: 

(a) Rs looked at the relevant and irrelevant dimensions on as 
many frames as Ns in the original task. Thus, no independent evidence 
was found for an initial retardate attention deficit. 

(b) There appears to be some qualified evidence that subjects 
looked more at the relevant dimension and less at the irrelevant dimen- 
sion in ID shift as compared with ED shift. Thus, there may have been 
transfer of positive and/or negative observing response. 

(c) Rs looked at the relevant dimension on more frames than Ns 
in ID shift. Although Rs exhibited an increase in attending to the 
relevant dimension relative to Ns when compared on the original task, 
this increase was not in accordance with the prediction of attention 
theory. 

With the qualified exception of attending response transfer, then, 
the general conclusion reached was that no independent evidence was found 
in support of Zeaman and House attention theory as measured by eye move- 
ments. While the attempt to validate attention theory was largely 
unsuccessful, important differences in the overt attending behavior of 
Ns and Rs were found: Rs had consistently more unscorable eye movement 
frames than Ns; Rs had more selective eye-shifts in OL and ID shift than 
Ns; and Ns had consistently more frames on center than Rs. It is 
suggested that these major differences in the observing responses of Ns 
and Rs, as measured by eye movements, may reflect different ways of in- 


formation processing by Ns and Rs. 
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CHAPTER 1 
INTRODUCTION 


The importance of attention in discrimination learning has been 
debated by various theorists, from different points of view, since the 
1930's. In the non-continuity versus continuity controversy, Krechevsky 
(1938) claimed that an animal learned only when it began to "pay atten- 
tion'' to the relevant stimuli, while Spence (1940) suggested that "re- 
ceptor-orienting acts" were necessary in order to expose the organism's 
sense receptors to the relevant stimuli. In both formulations, a 
selection process was postulated, Krechevsky's being implicit, covert, 
and mediational, but Spence's being overt and objectively observable. 

By making the presentation of discrimination task stimuli con- 
tingent upon an instrumental response such as pedal press, Wyckoff (1952) 
confirmed the role of orienting behavior, or "observing response" in 
discrimination Tearaines He showed that some overt change was necessary 
in the subject's receptors in order for the stimuli to be received as 
sensory input. For Goodwin and Lawrence (1955), however, orienting be- 
havior comprised identification of the relevant stimulus dimension, and 
was overt only when spatially separate dimensions were involved. Other- 
wise, the orienting response was considered to occur after the reception 
of the stimuli by the subject. 

Both overt observing responses and implicit dimension identifi- 
cation responses appear to be included in the Zeaman and House (1963) 
model of discrimination learning, under the guise of "attending". 


According to the model, in order to acquire a discrimination, a subject 
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must first learn to attend to the relevant stimulus dimension. This 
means that after appropriate receptor orientation has occurred, the 
relevant dimension may be identified. Once that dimension is attended 
to, then the positive and negative cues become available for instrumen- 
tal response choice. The model further suggests that differences in 
discrimination performance among individuals are attributable to differ- 
ences in attending strategies. Hence, retarded children are said to be 
slower in learning a discrimination than normal children because they 
take longer to attend to the relevant dimension. [In that a measure of 
attending response independent of learning performance has not been used 
by Zeaman and House, criticisms of circular deductions have been levelled 
against attention theory (Mostofsky, 1968; Wischner, 1967). 

One method of providing such an independent measure of what is 
being observed in a visual discrimination task utilizes eye movements. 
Unlike Wyckoff's pedal press, eye movements are a natural aspect of the 
observing response. They are overt, and if reliably photographed, can 
be recorded and measured. White and Plum (1964) found eye movements to 
be a more direct indication of orienting practices than extraneous re- 
sponses such as sliding doors. Movements of the eye, however, can be 
elicited in conjunction with the various other components of the orient- 
ing or "what-is-it" reflex by novel stimuli (Lynn, 1966). A discrimina- 
tion shift design which controls for such novelty effects, and thereby 
appears appropriate for investigating eye fixations in discrimination 
learning, is Slamecka's (1968) total change design. 


In the total change design, since new cues appear on all dimen- 
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sions for the shift problem, dimensional attending can be assessed with- 
out the confounding effects of instrumental response transfer or in- 
voluntary orienting to novel features present in other designs. Because 
of this, the design appears particularly useful for investigating attend- 
ing response in the Zeaman and House model. 

By using trial of last error and percentage of learners on the 
one hand and eye movements on the other hand as dependent variables, the 
implicit dimensional identification and overt observing response com- 
ponents, respectively, of attending response can be isolated and investi- 
gated. Additionally, eye movement measures may provide an objective way 
of investigating attention theory. In that Zeaman and House have not 
separated dimensional identification from observing response in their 
model, predictions concerning the performance of subjects in both 
original and shift problems must be made from the same assumptions for 
both components. 

According to attention theory, retarded children do not learn as 
well as normal children because of an attention deficit. At a time when 
increasing urbanization and mechanization necessitate the acquisition of 
more specialized vocational skills and more complex life styles, in- 
ability to learn is a crucial societal handicap. In order that this 
handicap may be counteracted, it is necessary that the learning in- 
adequacies of retarded children be isolated and studied. 

The purpose of this study, then, was to investigate attending 
responses of normal and educable mentally retarded children in dis- 


crimination shift learning. 
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CHAPTER 2 
REVIEW OF THE LITERATURE 


The human nervous system has a limited size, and consequently a 
limited capacity for processing information. Somehow redundant or 
irrelevant information must be discarded or ignored, so that important 
information might be stored. Since individuals cannot respond to all 
features of the stimulus input, a distinction must be made between the 
total stimuli impinging on a subject in any given situation, and the 
effective stimulus which controls the individual's behavior in that 
situation. Different explanations of the stimulus selection process 
are offered by different theoretical models. Two theories bear the 
greatest relevance to the present study: observing response theory, 


and Zeaman and House attention theory. 


Observing Response Theory 


The S - R theorists have assumed an external selective mechanism 
-- the observing response. Spence (1936) noted that the mere presence 
of the stimulus in the experimental situation did not assure its per- 
ception by the animal at the moment of response. In fact, solution of 
a discrimination problem involved learning to orient and fixate the 
head and eyes toward the critical stimuli. That is, the animal learned 
to "look at'' one aspect of the situation rather than another (1937, p.432). 
If the animal fixated aspects of the stimulus complex which were not 
CrlLeicaleto sche diserini nation, it could not learn the task. 


A very similar account of the observing response in discrimination 
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learning has been proposed by Wyckoff (1952). Using the Skinner-box, he 
required pigeons to execute a chain of two responses: stepping on a 
pedal (thereby exposing the stimuli) and pecking at the correct stimulus. 
In this way, the presentation of the discriminative stimuli was made con- 
tingent upon the occurrence of a pedal press. This pedal response 
Wyckoff called an "observing response", which was defined as “any re- 
sponse which results in exposure to the pair of discriminative stimuli 
involved" (1952, p.431). By making the observing response overt and 
measurable, Wyckoff laid the groundwork for subsequent investigations 
employing behavioral components of the selective process such as eye 
movements. 

Mackintosh (1965) expressed strong reservations about the applic- 
ability of Wyckoff's observing response theory to discrimination learn- 
ing, on the grounds that the pedal press does not affect the orientation 
of an animal's receptors at all, and that such receptor orientation is 
not necessary in the automatic perception of relevant stimuli in normal 
discrimination learning experiments. To this Kendler and Kendler (1966) 
replied that even though stimulus configurations such as black horizontal 
and white vertical rectangles can be seen at the same time, different 
eye fixations could be associated with different dimensions. When 
observing brightness, for instance, eye fixations might be concentrated 
on the central regions of the rectangles, whereas when observing shape, 
eye fixations might be on the rectangle outlines. If such eye fixations 
could be measured, and differences found, then observing response inter- 


pretations of discrimination data would be justified (1966, p.284). 
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Zeaman and House Attention Theory 


Zeaman and House (1963), in extending the above theoretical views, 
proposed that in acquiring a discrimination a subject has to learn a 
chain of two responses. The first involves attending to the relevant 
stimulus dimension; the second involves instrumental responding to the 
positive cue on that dimension. Zeaman and House contend that subjects 
do not differ in learning which cue to respond to, but they do vary 
considerably in length of time prior to observing the relevant dimen- 
sion. Subjects who are slow to learn discrimination tasks are said to 
be deficient in dimensional attending responses. In order to probe de- 
ficiencies in discrimination learning, it is thus considered necessary 
to investigate attending responses. 

In the Zeaman and House theory, as originally proposed, the 
mature of attending responses is somewhat ambiguous. On the one hand, 
reference is made to observing responses which are subject to "the same 
laws, such as acquisition and extinction, as any other response" (1963, 
p.214), and direct indebtedness is acknowledged to Wyckoff (1952) who 
"defines the observing response as any response which results in exposure 
to the relevant cues" (1963, p.216). From this it would appear that by 
"attending response" Zeaman and House mean nothing more than overt, 
objectively measurable responses of the organism to stimuli. This 
interpretation of attending response appears to have been taken by 
others. For instance, Kendler and Kendler (1968) consider that overt 


response is the essence of Zeaman and House's theory. Using S - R 


= wiped 
| ena ‘taney be prittnntes at Rie eee bue apeana’ 


- -aharvea wt ad Sout for 6 ‘tobsanheh svat » gnrsivg at all? ses 


men avd io nhee 


” 2 one ect or padicterze eeriovas sen wat o9 een? 


Peers) )_<eil ial 


pdt of Webtevgies Peamonetten? oe long) Grepes tt 


adoel ous ‘geds beeeeee Senet Hie naress co Tenre:! jad) a0 ‘vara —_— 


} a terse sear @ 
iulme ncaa 


«toatl sacwS1G0 gel: arkesset™ os 207) eels J° dsene! al ¢ 


: 7 
oF biee @06 adeul ne enim eceth aeeet Go ele Hse OY Br )} ding Raia 


lanoteouert wil dpi oe bet 8: 


Te ee ee dAsi@ 90h 7 


«th aapsy 69 palré GD =. dpeeeqees gai beset 


YTtsi esa bosy ti enrea ev@o ef si .ecicrnel gelanion a5eth wl awe eetels 


seweeteqnss gaibmstis «19g )seeee GH, 


ee headgeee qilantgive ss «hones geet be senses sity e 


- 


Saad sno Ste GO. cetegides shifester AL eS eroge anticssse So eoueee 
moe sis" oF 250) ds oFe Bhi abendetoy garvissdo 29 alee 4! ares . 
0001) “eentique: sitio yes We aol tontexs bre wolsieivgse es Mooe aN 


ed creer) Norv ot teghs heen i20 ef waenbaadstes tyerlh tee (O8eg. 


siueogee waleoas ‘oie Pekoqury yte eh SeHOGENT Boiveweso wf 
oF al ame ktuele ae eds eet Kettig C802) “enue somve tow aot 


a 


lass onan pebstroe bea eeual Dike wemerl “sooner sabieaaaianl 


— 


~~ 


_ 


mis te aaa ants eldosueane atsvtsee . 


- 
p eanaqnet gathics se to eds —_ 


hemi H nnewont’ 


language, they represent attention theory as S, - R, —> s,-R 


where, 


the subject orients (R, ) his receptors to a 
certain portion of the environment (Si); and 
as a result, his receptors are presumably 

exposed to a component (s5) of the stimulus 


pattern (S))- 


(1968, p.222) 


On the other hand, Zeaman and House refer to a "central process" 
(1963, p.200), and emphasize the dimensional nature of the observing 
response, after Goodwin and Lawrence (1955). From this perspective, 
overt behaviors are considered to be of incidental importance in attend- 
ing. Instead, what occurs cognitively, once the stimuli have been 
physically oriented to, is of paramount importance. This interpretation 
has been taken by Reese and Lipsitt (1970) who consider attending re- 
sponses to be central, selective mediating responses. 

Both the observing response and the dimensional identification 
interpretations of attending response appear warranted, and a rejection 
of one or the other appears to be premature. In fact, it seems reason- 
able to assume that both aspects of attending response are involved in 
discrimination learning. 

Nevertheless, Zeaman and House theory has been criticized for 
circularity of reasoning. Mostofsky (1968) has suggested that since an 
objective measure of attending (one that is independent of acquisition 


measures) has not been employed in the reported studies, the deficit 
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in attending strategies has been both explained by, and inferred from, 
instrumental response performance. The failure to select an operational 
measure of attending has resulted in the argument that subjects are de- 
ficient in attending strategies (that is, they are slow to learn dis- 
crimination tasks) because they already have a deficit in attending 
(Wischner, 1967). What is needed to break this circular argument is 

an operational definition of attending response that is independent of 
overt response choice. 

Such an operational definition has been attempted by Muir (1971) 
to explore retardate attentional deficiency. In the Muir study, atten- 
tion was defined in the Wyckoff observing response tradition as "looking 
behavior’, and was assessed by quantifying various eye movements as 
subjects solved a discrimination learning task. 

Eye movement variables would appear to provide a useful measure 
of observing response in a discrimination shift paradigm as well. 
Accordingly in this study, eye movements were recorded while subjects 
were engaged in a typical discrimination shift task. In this way, an 
independent measure of attending response was provided which could be 


used to furnish objective insight into Zeaman and House attention theory. 


Discrimination Learning in Retarded Children 


The Zeaman and House model arose out of work with moderately re- 
tarded children on two-choice, simultaneous visual discrimination learn- 
ing problems. It was observed that, as with other children, retardate 


discrimination learning involves a chain of at least two responses, one 
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attentional (to the dimension) and the other instrumental (to the posi- 
tive cue). Retardates, however, were said to have a low initial prob- 
ability of attending to the relevant dimension, as backward learning 
curves are interpreted to indicate. 

On these curves, differences between groups are found only with 
respect to the length of the initial chance portion. There are no 
appreciable differences in the rates at which the curves rise. In 
Zeaman and House's view, the length of the chance portion indicates the 
length of time it takes subjects to attend to the relevant dimension, 
while the slope of the rising portion indicates the rate at which they 
learn to respond to the positive cue. The crucial aspect in learning 
discrimination tasks, then, is not in responding to the positive cue, 
but rather in attending to the relevant dimension. Retardate children, 
because of their long initial chance performance, appear to be deficient 
in attention (Zeaman, 1965; Zeaman and House, 1963, 1967). The nature 
of attention deficiency is not clear, as was discussed in the preceding 
section, although retardates have been found to differ from normals in 
looking at the relevant dimension in a discrimination learning task 
Crit 1971). 

Although it is generally accepted that retarded children have 
greater difficulty in learning discrimination tasks than normal children 
of comparable chronological age, the situation with respect to learning 
ability of retarded and normal children of comparable mental age is not 
unequivocal. Stevenson (1963) reviews eight studies to find normal 


children learning two-choice visual discriminations more quickly than 
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retardates in three studies, but no differences in learning rate in five 
studies. Zeaman and House (1967) list eighteen studies relating I.Q. to 
learning, with mental age controlled. Of these, nine reported better 
performances from the higher I.Q. subjects (positive results), six re- 
ported no reliable differences among 1.Q. groups (negative results), and 
three reported both positive and negative results for different compari- 
sons. 

The basis of such divergent findings is not clear, since the 
studies differed on many variables, including level of problem difficulty, 
type of stimuli, type of reinforcement, and mode of stimulus presentation. 
Zeaman and House (1967), however, firmly dismiss most of the negative 
results on the grounds that the discrimination tasks involved were 
either too easy or too difficult. The remaining positive results are 
cited as evidence that retardates, even when matched on mental age with 
normal subjects, exhibit an attention deficit. 

If Zeaman and House are right, then an investigation of the 
attention hypothesis, that retardates have a low initial probability 
of attending to the relevant dimension, could use normal and retarded 
subjects of comparable mental age. On the other hand, since not every- 
one accepts that normals and retardates of matched mental age differ in 
discrimination learning, for example, Stevenson (1963) and Wischner 
(1967), and furthermore since there is no control of biological matura- 
tion in mental age matches (Baumeister, 1967), it appears that a chrono- 
logical age match might enable a reliable test of the attention hypo- 


thesis. 
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Discrimination Shift Learning 


When a subject has learned a discrimination task to a stipulated 
criterion, he or she may then be presented with another discrimination 
task, usually without forewarning, in which the cue-response associations 
which were reinforced in the original task are changed or shifted. This 
combination of original learning (OL) and shift learning (SL) tasks is 
known as discrimination shift learning, and provides a useful test of 
theoretical interpretations of discrimination learning. In view of the 
many versions of the shift paradigm which have arisen, only that paradigm 
which provides the most critical test of attention theory shall be dealt 
with here -- Slamecka's (1968) total change design. 

In this design, the same dimensions are involved in both OL and 
SL, but totally new cues appear on all dimensions in SL. For example, 
the dimensions might be color and form, with the OL cues red-green and 
circle-square being replaced in SL by blue-yellow and triangle-pentagon. 
Because totally new cues are used, problems arising from intermittent 
reinforcement of irrelevant cues in OL, or novelty effects of new cues 
in SL, are avoided, thereby making possible a purer test of attending 
response transfer. 

The intradimensional (ID) shift retains the same relevant dimen- 
sion as OL (for example, going from form to form) while the extradimen- 
sional (ED) shift does not (for example, going from form to color). If 
attention to a dimension transfers, then the probability of attending to 
the relevant dimension should be high at the beginning of ID shift, but 


low at the beginning of ED shift. 
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While it has often been accepted that when a difference between 
ID and ED shifts is found, positive mediational transfer (ID shift) and 
negative mediational transfer (ED shift) have occurred, this may not in 
fact be the case. It is possible, for instance, that there may have 
been positive transfer for the ID shift but not negative transfer for 
the ED shift; conversely, there may have been negative transfer for the 
EDesnrreyebuG not*positive transfer=tor the 1D shitte = Inuse it 1s 
suggested that in order to test explicitly for direction of mediational 
transfer, a control shift should be included for comparison with ID and 
Ep@shtite= Cohepprand=lurris?, L967) )s**in a-control shires (CS )*LOLAaLLy 
new dimensions are introduced (for example, going from form/color to 
size/number). Only if the CS is learned at a rate intermediate between 
ID and ED shifts can it be assumed that positive transfer has occurred 
in ID shift while negative transfer has occurred in ED shift. 

Since no dimensional transfer is considered to take place in CS, 
the CS is actually a new, second version of OL. It would. thus be 
expected that predictions concerning performance on a CS task would 
parallel "that»ot OL. *The only difference” between” OL arnd®CS might Ite 
in the possibility that transfer of learning set (Reese and Lipsitt, 
1970, p.270-278) has occurred in CS; such transfer could then be assessed 
by a comparison of performance in OL and CS. Superior performance in CS 
could be attributable to the subjects’ having acquired a learning set 
response strategy about the discrimination task in OL not directly re- 
lated to the specific dimensions involved in the task. 


Since two different components, namely observing response and 
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dimensional identification, overt and covert responses respectively, are 
assumed in this study to be involved in attention theory, two different, 
though parallel, predictions may be made concerning ID and ED shift 
comparisons. If observing responses are transferred, then subjects 
should spend more time observing the relevant dimension at the beginning 
of ID shift rather than ED shift, as measured by eye movements. And, if 
dimensional identification is transferred, then ID shift should be 
learned more rapidly than ED shift, as measured by trial of last error 
and percentage of learners. Use of these dependent variables in a 
single study could provide opportunities for comparing and assessing the 
relative merits of observing response and dimensional identification 
interpretations of attending response. An independent measure such as 
eye movements could furnish objective evidence bearing on the assumptions 
involved in attention theory. 

The dimensional nature of SL transfer has been subject to con- 
siderably more investigation than observing response. There is a siz- 
able body of research indicating that ID shifts are consistently learned 
faster than ED shifts, both with normal and retarded children (Eimas, 
LO66si Shepp ands Turrisi; @19675eWollisy 19 67eeCampiones 919.09; mandgReese 
and Lipsitt, 1970). These findings would appear supportive of the view 
that dimensional transfer occurs in SL. Whether observing response 
transfer occurs as well in this paradigm does not appear to have been 
investigated elsewhere. Photographing eye movements at the beginning 
of ID and’ ED shifts when the probability of observing the relevant di- 


mension is considered to be high and low, respectively, was undertaken 
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in this study in order to provide some empirical data in an otherwise 


neglected aspect of attention theory. 


Normal and Retardate Comparisons in Shift Learning 


Some clarification appears necessary with respect to comparative 
performances of normal and retarded subjects in SL. From attention 
theory, it would be supposed that once discrimination learning had 
occurred, then irrespective of the mental abilities or other qualities 
of the subjects, there should be no group differences in attending to 
the relevant dimension on ID shifts. Such homogeneity of performance 
could not necessarily be inferred for ED shifts, however, because learn- 
ing would depend on the probability of attending to the newly relevant 
dimension. There is no way of deriving this probability from OL with 
any certitude for either normals or retardates. 

Nevertheless, Zeaman and House (1963) suggest that normals differ 
from retardates in being more selective with respect to attending to the 
irrelevant dimensions in a discrimination task. While retardates are 
held to attend almost equally to all of the irrelevant dimensions, 
normals are held to concentrate on those few which, from past experience, 
they know to be important. Since learning the ED shift discrimination 
is accelerated if there is a high probability of attending to the ir- 
relevant dimension in OL, it is assumed that normals, because of their 
selective attending strategies, should perform better than retardates 
in ED shift. 


Contrary to expectation, the literature reveals considerable in- 
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consistency concerning normal and retardate performance on ID shifts. 
Of seventeen comparisons catalogued by Wolff (1967), eight found normals 
to be superior to retardates, two found retardates to be superior, and 
seven found no differences. These studies varied, however, in type of 
shift paradigm, number and type of irrelevant dimensions, presence of 
novel cues, and learning criterion, making it difficult to draw a defin- 
ite conclusion concerning the relative abilities of normal and retarded 
subjects to learn ID shifts. 

Diverse results are also found on ED shift comparisons. In nine 
studies reviewed by Wolff (1967), normals learned faster than retardates 
in two, retardates learned faster in one, and no differences were found 
in six. Nevertheless, for the same reasons as cited in the ID shift 
comparisons, it is difficult to draw conclusions concerning the relation- 
ship between intelligence and ease of learning ED shifts. 

One approach to clarifying the comparative SL performance of 
normals and retardates which has not been considered elsewhere, as far 
as is known, involves comparing observing responses for the two groups. 
Differences in eye movements of normal and retarded children have been 
found in discrimination learning tasks by Muir (1971). It is conceiv- 
able that such differences exist in SL as well, with a possible effect 
on the relative performance of normals and retardates. Measurement of 
observing responses in this study was undertaken in an attempt to resolve 


this issue. 
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Eye Movements in Discrimination Learning Studies 


Previous investigations of the observing response in discrimina- 
tion learning have involved such overt behaviors as pedal press (Wyckoff, 
1952), eye movements (Muir, 1971; Scott and Christy, 1968; and White and 
Plum, 1964), button press (Eimas, 1969), and finger touch (Rydberg, 

1969; Rydberg and Arnberg, 1969a, 1969b; and Rydberg, Kashdan and 
Trabasso, 1966). Of these the most direct and meaningful measure of a 
subject's orienting activity in a visual discrimination task appears to 
be eye movements, although such studies are relatively few in number. 

Among these few, White and Plum (1964) photographed the eye move- 
ments of thirty-one nursery school children as they learned aseries of 
easy discriminations between bird pictures, and aseries of hard discrimi- 
nations between stick figures. Using general shifts of fixation from the 
right tothe left side of the stimulus field or vice-versa, asthe dependent 
variable, White and Plum found easy discriminations productive of more eye 
movements than hard discriminations. It was suggested that perhaps this 
was attributable to bird pictures being more interesting and distinctive 
to look at than stick figures, and consequently easier to discriminate. 
In both series, however, there was a rise in fixation shifts as the 
onset of criterion approached, and a decline thereafter. It was 
pointed out that since the results did not approach significance, the 
conclusions reached were necessarily tentative. 

In another study, Scott and Christy (1968) compared experimenter- 


recorded eye-shifts of twenty-five nursery school children on a two- 
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choice visual discrimination. For both learners and non-learners, a 
marked decrease in eye scans after the first trial was found for both 
groups. In that learners reached criterion on the second trial, de- 
crease in eye-shifts was considered to reflect the White and Plum 
findings. The decrease in eye-shifts for non-learners, however, was 
attributed by Scott and Christy either to pseudo-solutions such as 
position bias, or to a general habituation process as the novelty of 
the problem decreased through repeated presentations. 

Several other eye movement measures in addition to shifts have 
been recorded by Muir (1971) in a recent study comparing normal and 
educable mentally retarded children matched on chronological age. A 
two-choice visual simultaneous discrimination task was used to explore 
the attentional deficit in retarded children postulated by Zeaman and 
House (1963). In keeping with the assumption that normals have the 
greater initial tendency to attend to the relevant dimension than re- 
tardates, Muir analyzed percentage of frames on relevant cues. The 
assumption appeared valid, in that normals were found to differ from 
retardates in having more frames on relevant cues. Since retardates 
are considered to be more easily distractible generally and, hence, more 
likely to exhibit gross eye, head, or body movements which might inter- 
fere with eye movement recording, an eye movement measure involving 
percentage of unscorable frames was also used as an indication of 
attention deficit in the Muir study. It was confirmed that there were 


more unscorable frames for retardates than for normals. 
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Blackhurst and Radke (1966) in another kind of study found re- 
tarded children to have difficulty generally in fixating objects and 
controlling observing responses. The unscorable frames variable might 
therefore distinguish normal and retardate performance, irrespective of 
the situation involved, unlike the other eye movement variables. 

From these studies it appeared that shifts, frames on relevant 
cues, frames on irrelevant cues, and unscorable frames might be useful 
eye movement measures of attending response in a discrimination shift 


Eask, 


Summary 


The various studies bearing on discrimination learning presented 
here suggest that comparisons within a total change discrimination shift 
design (Slamecka, 1968) should provide interesting opportunities for 
assessing overt observing response and implicit dimensional identifica- 
tion aspects of Zeaman and House's (1963) attention theory. While the 
dimensional identification (central covert attentional response) aspect 
has been subject to considerable investigation using measures such as 
trials to criterion, the observing response aspect of discrimination 
learning has been relatively neglected. With the recent development of 
sophisticated photographic techniques, however, it appears that eye 
movement variables may provide a valuable measure of observing response. 
Also, eye movements may provide the kind of objective measures which 
until now attention theory has been considered to lack. Furthermore, 


such a study may also help clarify some discrepant findings concerning 
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ED shift performance, and normal versus educable mentally retarded 
children's performance in SL. 

In this investigation it was thus proposed to obtain concurrent 
measures of observing response and dimension identification aspects of 


discrimination shift learning by normal and educable mentally retarded 


subjects. 


CHAPTER 3 


RATIONALE , DEFINITIONS AND HYPOTHESES 


Rationale 


Discrimination learning in the Zeaman and House (1963) model con- 
sists of two chained responses, one attentional to the relevant dimension, 
and the other instrumental to one of the cues exposed on that dimension. 
The important response is the dimensional attending response, for it is 
a deficiency in this area that is considered to characterize poor per- 
formance in discrimination problems, thus accounting for individual 
differences as sometimes found between normal and retarded subjects. 

The nature of the dimensional attending response, however, is not very 
clear. On the one hand, an observing response interpretation dwells on 
exposure of the stimuli to the subject's receptors (for example, Kendler 
and Kendler, 1966), while on the other, a central mediational process 
interpretation dwells upon the actual identification of stimulus dimen- 
sions (for example, Reese and Lipsitt, 1970). It appears that both 
interpretations may be valid, and the exclusion of one or the other 

from attention theory may be premature. 

Moreover, with the recent development of sophisticated photographic 
equipment and techniques (see Mackworth, 1967), it is now possible to 
arrive at direct measures of visual observing responses by recording 
the movements of the eyes. The eye movements of normal and retarded 
children engaged in discrimination tasks have already been shown to 
differ in terms of frames on relevant dimensions, frames on irrelevant 


dimensions, and unscorable frames (Muir, LOU eeende soni t ea Scola and 
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Christy, 1968; and White and Plum, 1964). Such eye movements, if 
obtained concurrently with measures that have been used in the past to 
infer dimensional identification processes (for example, trial of last 
error), might be expected to provide the basis for comparing the two 
different interpretations of attention theory. In addition, work with 
various shift designs has resulted in a paradigm in which attentional 
transfer may be compared without instrumental response or novel cue 
interference (Shepp and Turrisi, 1967; and Slamecka, 1968). 
Consequently, it seems feasible that observing response inter- 
pretations of attention theory could be investigated using eye movement 
measures. Additionally, comparisons between observing response (eye 
movements) and dimensional identification (trial of last error and per- 
centage of learners) interpretations may be attempted. More specifically, 
it is intended to apply the assumptions of attention theory to both 
observing response and dimensional identification, in both original 


learning and shift learning tasks, with both normal and retarded children. 
Definitions 


General Terms 
eye movements: the recorded movements of a subject's eyes while 
scanning discrimination task stimuli. 
frame: a single exposure of 16 mm. movie film, for one-tenth of 
a second, normally comprising a corneal reflection superimposed 


on an image of the discrimination task stimuli. 
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first thirty frames: the first thirty frames of eye movement data 
during a trial, recorded at the rate of ten frames per second. 
This represents the initial three seconds of eye movement re- 
cording during each stimulus presentation. 

learning criterion: a series of nine consecutive correct responses 
to the discrimination task. 

original learning task (OL): the first discrimination task pre- 
sented to the subject, comprising a maximum of thirty trials. 
shift learning task (SL): the discrimination task, comprising a 
maximum of thirty trials, presented to the subject immediately 
upon reaching criterion on the original learning task. 
intradimensional (ID) shift: positive discrimination transfer 
task, where the same dimension is relevant in the shift learning 
task as in the original learning task. 

extradimensional (ED) shift: negative discrimination transfer 
task, where the relevant dimension in the shift learning task 
consists of the dimension which was irrelevant in the original 
learning task. 

control shift (CS): a discrimination transfer task neither 
positive nor negative, where a dimension not appearing in the 
original learning task is relevant to solution in the shift 
learning task. 

central figures (CF) dimension: the discrimination task stimuli, 
comprising closed geometric figures appearing in the center of 


the "boxes", namely square and circle for the original learning 
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task, and triangle and hexagon for the shift learning task. 

CF condition: the discrimination tasks wherein central figures 
formed the relevant dimension in original learning. This 
classification was maintained even when the relevant dimension 
was changed in shift learning to Dots as in the extradimensional 
shift. 

Dots dimension: the discrimination task stimuli comprising 
location of dots in peripheral areas of the "boxes", namely 
upper left and lower right corners for the original learning 
task, and lower left and upper right corners for the shift 
learning task. 

Dots condition: the discrimination tasks wherein Dots formed the 
relevant dimension in original learning. This classification was 
maintained even when the relevant dimension was changed in shift 
learning as in the extradimensional shift. 

Eotalesupjects: all of thersubjects involved in the sstudy, 

n = 160. 

total filmed subjects: all of the subjects for whom eye move- 
ments were obtained, n = 128. No eye movements were recorded 

for the thirty-two control shift subjects. 

OL learners: total subjects who reached criterion in the original 
learning task, n = 110. 

OL filmed learners: those subjects for whom eye movements were 
obtained who reached criterion in the original learning task, 


n = 89. The twenty-one control shift subjects who learned the 
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original learning task are excluded here. 


Dependent Variables 


There were two different categories of dependent variables: 


those derived from the subjects' instrumental response choices, and 


those derived from the subjects' recorded eye movements. 


(1) 


(2) 


Instrumental Response Variables: 


trial of last error: For subjects who reached criterion in 
either original learning or shift learning tasks, the error 
preceding the run of nine consecutive correct responses was 
desienated tthe trialwofitlast crror. Thus} for learners the 
trial of last error varied from 0 to 21. Those subjects who 
did not learn the discrimination were arbitrarily assigned 
atnialimotlast® drrorsot: O02 


percentage of learners: the percentage of ‘subjects’ reaching 
criterion in a particular cell. 

Eye Movement Variables: 

These variables were based on the first thirty frames (three 
seconds) of each trial, and were summed over the first eight 
trials of original learning, and the first eight trials of 
shift learning for each subject. The manner in which each 
variable was derived is indicated below. (The scoring code 
is listed in Appendix C.) 

frames on relevant dimension: the total number of frames 


wherein the subject looked at either of the two cues in the 
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relevant dimension. For each of original and shift learning 
tasks, the possible range was from 0 to 240 (8 x 30). 

frames on irrelevant dimension: the total number of frames 
wherein the subject looked at either of the two cues in the 
irrelevant dimension. The possible range was from 0 to 240 
(8 x 30) for each of the original and shift tasks. 
unscorable frames: the total number of frames which could 
not be scored because the eye spot was not visible or was 
blurred. The possible range of scores was from 0 to 240 

(8 x 30) for each task. 

total shifts: the number of times the corneal reflection 
moved from any one coded part of the stimulus field to any 
other, leaving out unscorable frames. The range was a 
function of the eye shift activity of each individual. 
Vert=rieht shifts: the number"or¥times the™corneai™reitection 
moved from any point in one stimulus "box" to any point in 
the other stimulus "box", leaving out unscorable frames and 
fixations on the center. The range was a function of the 


eye shift activity of each individual. 


Hypotheses for Performance Data 


IEA Comparison of N and R Performance in OL 


According to Zeaman and House (1963, 1967) Ns have a greater 


probability of attending to the relevant dimension initially than Rs. 
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Ns are said to perform better than Rs on discrimination learning tasks 
because of this retardate attention deficit. On the basis of this 
observation, the following hypotheses are proposed: 
Hypothesis 1.1: Based on the total subjects, the mean trial of 
last error will be lower for Ns than for Rs in OL (n = 80 Ns and 
80 Rs). 
Hypothesis 1.2: Based on the total subjects, the percentage of 
learners in OL will be higher for Ns than for Rs (n = 80 Ns and 


80 Rs). 


IRIE A Comparison of Performance in ID Shift, ED Shift and CS 


According to Zeaman and House theory, attending to the relevant 
dimension precedes learning, and hence if learning has occurred, the 
probability of attending to the relevant dimension must be high. Further- 
more, attending responses are said to be capable of transfer. An ID 
shift reflects positive attending response transfer, while an ED shift 
reflects negative attending response transfer. In CS, with the intro- 
duction of totally new dimensions, neither positive nor negative dimen- 
sional transfer is involved. It would be anticipated that for OL 
learners, ID shift would be learned more easily than either CS or ED 
shift, while CS would be easier than ED shift. On the basis of these 
considerations, the following hypotheses are proposed: 

Hypothesis 2.1: For OL learners, the mean trial of last error 

in SL will be ordered such that ID shift € CS ¢ ED shift (n = 48, 


21, and 41 per cell, respectively). 
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Hypothesis 2.2: For OL learners, the percentage of learners in 
el will be ordered such that ID shite > CS > ED shitte(n = 438. 


21, and 41 per cell, respectively). 


IEICE G Comparison of N and R Performance in ID SLE eh DMolde teande us 


It is assumed that once Rs have learned the OL task, the prob- 
ability of attending to the relevant dimension is at asymptote as for 
the N subjects who have learned the task. Consequently, when consider- 
ing transfer to ID shift, no difference would be expected in the per- 
formance of Ns and Rs. At the commencement of ID shift, Rs are assumed 
to be as likely to observe the relevant dimension as Ns. 

In ED shift, subjects are faced with a situation where the pre- 
viously relevant dimension is now irrelevant to solution. In this new 
learning situation, speed of learning is a function of the probability 
of observing the previously irrelevant dimension. According to Zeaman 
and House, learning the ED shift is accelerated if the attending response 
probabilities to the previously irrelevant dimensions in OL are greater 
for some dimensions than for others, rather than being nearly equal for 
all the irrelevant dimensions in OL. It is additionally assumed that 
Ns are more likely to react to the important dimensions than Rs, there- 
by being more likely to have differential attending response probabilities 
than Rs for the previously irrelevant dimensions. From this position, 
it would appear that Ns should perform better than Rs on ED shift. 

Since CS introduces totally new dimensions, the same differences 


which emerge between Ns and Rs in OL might be expected to emerge in CS. 
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Based on these considerations, the following hypotheses are 
proposed: 

IDSsShif£e 
Hypothesis 3.1: For OL learners, there will be no difference 
between Ns and Rs in mean trial of last error in ID shift (n = 28 
Ns and 20 Rs). 
Hypothesis 3.2: For OL learners, there will be no difference in 
the percentage of N and R learners in ID shift (n = 28 Ns and 20 
Rs). 

ED Shift 
Hypothesis 3.3: For OL learners, Ns will have a lower mean trial 
Obelast serror ithaneRs Lin EDtshift \(n=s26wNswtandelSiks): 
Hypothesis 3..4cenror (Obelearners® aghigner percentage ofeNsathan 
Rstwriieleam ED shitts(nt]t26 Nstand Soaks) 

ControlrShitt 
Hypothesis 3.5: For OL learners, Ns will have a lower mean trial 
ofelasteerror thaneRs ton CSit(@m = 15eNs tandiGeRs )? 
Hypothesis 3.6: For OL learners, a higher percentage of Ns than 


Rsewillelearn CS (mn = 15 Ns and 6:Rs)- 


Hypotheses for Eye Movement Data 


alte Comparison of Eye Movement Patterns of Nsvand Rsv invol 


Muir (1971) has found that Ns looked more at the relevant dimen- 
sion than Rs while learning a discrimination task. This finding appears 


to be consistent with the Zeaman and House assumption that Ns have a 
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higher initial probability of attending to the relevant dimension in OL 
than Rs. Conversely, it is assumed that Rs have a higher initial prob- 
ability of attending to the irrelevant dimension than Ns, and hence might 
be expected to look more at the irrelevant dimension in OL than Ns. 
Furthermore, Muir (1971) found that Ns had fewer unscorable frames than 
Rs in OL. Since the collection of eye movement data requires that gross 
head and eye movements be kept at a minimum, this finding appears to 
reflect the general consensus that Ns are better able to concentrate on 
tasks at hand, and are less distracted by competing stimuli, than Rs. 
On the basis of these considerations, the following hypotheses are 
proposed: 

Hypothesis 4.1: For the total filmed samples, Ns will have more 

frames on relevant dimension than Rs in OL (n = 64 Ns and 64 Rs). 

Hypothesis 4.2: For the total filmed samples, Ns will have fewer 

frames on irrelevant dimension than Rs in OL (n = 64 Ns and 

64 Rs). 

Hypothesis 4.3: For the total filmed samples, Ns will have fewer 


unscorable frames than Rs in OL (n = 64 Ns and 64 Rs). 


JEN Comparison of Eye Movement Patterns ine LDeandelDeShitts 


While there appears to be no direct evidence of eye movement 
transfer in a discrimination shift paradigm, it is assumed that certain 
eye movement patterns may be subject to the kinds of transfer specified 
by Zeaman and House theory. In particular, the eye movement measures of 
frames on relevant and irrelevant dimensions may reflect the attending 


responses to the relevant and irrelevant dimensions, respectively. 
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Accordingly, since the relevant dimension remains unchanged in ID shite, 
but changes in ED shift, there should be more looking at the relevant 
dimension in ID shift than ED shift. On the other hand, the opposite 
should hold for the irrelevant dimension in SL; there should be more 

looking at the irrelevant dimension in ED shift than in ID shift. On 


the basis of these considerations, the following hypotheses are proposed: 


Hypothesis 5.1: For filmed OL learners, there will be more frames 


on relevant dimension in ID shift than ED shift (n = 48 in ID 
ande 4A len sD»). 

Hypothesis 5.2: For filmed OL learners, there will be fewer 
frames on irrelevant dimension in ID shift than ED shift (n = 48 


ing Diands4), inweD):. 


IEICIE « Comparison of Eye Movement Patterns of Ns and Rs in ID Shift and ED Shift 


Once Rs have learned the OL task, it is assumed that the prob- 
ability of attending to the relevant dimension. will be at asymptote 
similar to that of the Ns who have learned the OL task. Consequently, 
since the same dimension is relevant on ID Shift, no difference would 
be anticipated between Ns and Rs in observing the relevant dimension. 
The probability of attending to the irrelevant dimension would be 
minimal at the termination of the OL task for both Ns and Rs and would 
remain so in ID shift. No difference would be expected between Ns and 
Rs in observing the irrelevant dimension in ID shift. 

In ED shift, because the previously irrelevant dimension now be- 


comes relevant, subjects must switch their attention to this previously 
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irrelevant dimension to attain the solution. However, Zeaman and House 
(1963) have suggested that at the termination of OL; *the distribution 
of the observing response probabilities for Rs is even, whereas this 
distribution is unequal for Ns. That is, the more salient or important 
dimensions have slightly higher probabilities of being observed for Ns. 
The Ns should thereby switch to these dimensions more rapidly on ED 
shift than Rs. Thus, Rs should look more at the irrelevant dimension 
and less at the relevant dimension in ED shift than Ns. 

Since the unscorable frames variable appears to reflect processes 
not directly related to attending response as defined in the current 
study, no transfer effects could be anticipated in either the ID or 
ED shift conditions. Consequently, in both ID and ED shifts, Ns would 
have fewer unscorable frames than Rs, as in OL. 

On the basis of these considerations, the following hypotheses 
are proposed: 

LD sonwet t 

Hypothesis 6.1: For filmed OL learners, there will be no differ- 

ence between Ns and Rs in frames on relevant dimension in ID 

shift (n = 28 Ns and 20 Rs). 

Hypothesis 6.2: For filmed OL learners, there will be no differ- 

ence between Ns and Rs in frames on irrelevant dimension in ID 

shift (n = 28 Ns and 20 Rs). 

Hypothesis 6.3: For filmed OL learners, there will be fewer un- 

scorable frames for Ns than for Rs in ID shift (n = 28 Ns and 
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ED Shift 


Hypothesis 6.4: For filmed OL learners, Ns will have more frames 
on relevant dimension than Rs in ED shift (n = 26 Ns and 15 Rs). 
Hypothesis 6.5: For filmed OL learners, Ns will have fewer 
frames on irrelevant dimension than Rs in ED shift (n = 26 Ns 
andalSpRsps 

Hypothesis 6.6: For filmed OL learners, there will be fewer un- 
scorable frames for Ns than for Rs in ED shift (n = 26 Ns and 15 


Rs ie 


TN Comparison of Eye-shift Activity 


There has been some investigation of eye-shifts during discrimi- 
nation learning by Scott and Christy (1968) and White and Plum (1964), 
who found gross eye-shifts from left to right or vice-versa to vary in 
normal nursery school children with onset on criterion. Muir (1971) 
found that on total shifts of eye fixation (that is, shifts regardless 
of direction or fixation of stimulus) there was no difference between 
normal and educable mentally retarded children. In that the eye~-shift 
variables used in these studies (left-right shifts and total shifts) 
might provide some interesting exploratory data on transfer of observing 
responses in a shift paradigm for normal and educable mentally retarded 
children, the following hypotheses are proposed: 

Hypothesis 7.1: For the total filmed samples, there will be no 

difference between Ns and Rs on total shifts and left-right shifts 


in OL (mn = 64 Ns and 64 Rs). 
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Hypothesis 7.2: For filmed OL learners, there will be no differ- 
ence on total shifts and left-right shifts in ID and ED shifts 

(n = 48 in ID and 41 in ED). 

Hypothesis 7.3: For filmed OL learners, there will be no differ- 
ence between Ns and Rs on total shifts and left-right shifts in 
LD asiitin (ne= 28° Ns and ZOrRSs.). 

Hypothesis 7.4: For filmed OL learners, there will be no differ- 
ence between Ns and Rs on total shifts and left-right shifts in 


BOeshite (peas 26 Ns and 25 Rs). 
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CHAPTER 4 


METHOD 


Sub jects 


Two samples of subjects aged nine to twelve years were selected 
from the Edmonton Public School System. The first comprised educable 
mentally retarded children (R) whose IQ scores on the full scale of the 
Wechsler Intelligence Scale for Children (WISC) fell between fifty and 
eighty. Most subjects were selected from primary and junior opportunity 
classes in various elementary schools, while a few of the older subjects 
were drawn from L. Y. Cairns Vocational School. The R sample was 
composed of eighty children (forty boys and forty girls). In order to 
counterbalance chronological age (CA) and sex, there were twenty 
children (ten boys and ten girls) who were nine, ten, eleven and twelve 
years old. The nine- and ten-year-olds were labelled "young" while the 
eleven- and twelve-year-olds were labelled "old" for the purpose of 
experimental classification and analysis. The mean CA of the R sample 
was ten years and eleven months. 

The second sample comprised normal children (N) drawn from 
regular grade four, five, six and seven classes, whose full scale WISC 
scores exceeded 100. The N sample consisted of eighty children, matched 
on sex and CA with the R sample (See Table 1). The mean CA of the N 
sample was ten years and eleven months, the same as that of the R 
sample. Children with known organic defects, sensory impairments, or 


emotional problems were excluded from the study, as were those who wore 
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Table ] 


Age and Full Scale WISC IQ of Subjects 


Age in months Full Scale WISC IQ 
nenenemeree wee Ores ee Nie Aedes angen eer Mee ed eererang ee 
Sample 
Normals (N) 80 130.5 13.0 108-154 P1339 9.3 100-138 
Retardates (R) 80 T3174, 13.2 109-055 7p! is is! 55- 80 
Sex 
Boys (B) 80 131 Sighs £40RL03s155 9448. 22.1 61-138 
Girls (G) 80 130.4 12.8 109-154 OT Ome.) 55-134 
Age Category 
Young (Y) 80 iw Le g/ 605° F1OS=131 O24 Ze 5a=135 
Old (0) 80 Ta 32 6.0. t32=155 0554 mead 58-138 
Experimental 
Group 

NBY 20 PLOSS 6.6 108-129 116.6 S?2eiL00=433 
NBO 20 TAS a 5 Oe Lace 114.9 8.5 101-138 
NGY 20 119.8 6.9 109-131 109.9 8.7 100-125 
NGO 20 9.1 9.2 133-154 114.3 10.8 100-134 
RBY 20 12.93: 6a5eellGsisn 7384 588 61- 80 
RBO 20 Las 3 5.4 132=155 714.4 (eWay s 63- 80 
RGY 20 120.0 6.6 109-129 69.9 o.3 55- 80 
RGO 20 142.9 5.7 66L33=153 TO ee oie 58- 80 
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eye glasses or contact lenses. 

The eighty subjects in each of the samples formed four experi- 
mental groups counterbalancing sex (boys and girls) and age (young and 
old). These groups were: young boys (BY), old boys (BO), young girls 
(GY), and old girls (GO). Altogether, then, there were eight experi- 
mental groups in the two samples, each comprising twenty subjects: NBY, 
NBO, NGY, NGO, RBY, RBO, RGY, RGO. Data on the mean ages and IQs of 


these groups are presented in Table l. 
Discrimination Shift Task 


The original learning (OL) task consisted of a two-choice visual 
discrimination, with two variable dimensions, discrete in form to 
facilitate eye movement measurement: central figures (CF) comprising a 
circle and square, and peripheral dot location (Dots) in the upper left 
and lower right corners. For half the subjects, the CF dimension was 
relevant with positive cue (circle and square) counterbalanced; whereas 
for the other half, the location of the peripheral dots was relevant, 
with upper left and lower right dots counterbalanced as positive 
(correct) cue. 

Following learning to a criterion of nine consecutive correct 
trials, a discrimination shift problem was presented incorporating new 
cues for the original dimensions (hexagon and triangle for CF and lower 
left and upper right for dot location). Half of the filmed subjects 
were given an intradimensional (ID) shift, with dimension and positive 


cue counterbalanced; and half, a similarly counterbalanced extradimen- 
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sional (ED) shift, again to the same criterion. There were thus four 
filmed conditions: an ID shift with CF relevant, an ID shift with Dots 
relevant, an ED shift from CF to Dots, and an ED shift from Dots to CF. 
For subjects in the control shift (CS), two new dimensions, size 
(large and small) and number (three and four) were introduced with 
counterbalancing and criterion procedures corresponding to that of the 
filmed shifts. Accordingly, there were four control conditions as well. 


All the conditions, with counterbalancing, are presented in Table 2. 


Randomization of Sub jects 


The eight experimental groups of subjects presented in Table 1 
each consisted of twenty subjects. A table of random numbers was used 
to generate the numbers one to twenty, inclusive, eight times in order 
to have different random orderings for each of the eight experimental 
groups. 

For convenience of slide presentation and score sheet use, the 
various counterbalanced tasks were coded by letter, for example, Al (See 
Table 2). For ID and ED shift tasks, codes Al through D4 were equated 
with the randomized numbers one through sixteen, respectively. In each 
of the randomized orderings previously created, the letter code was 
substituted for the random number. In the ID and ED shift tasks there 
was one subject from each of the experimental subject groups (or a total 
of eight subjects) for each of the sixteen counterbalanced tasks (See 


Tap Le@e 2). 


In the CS condition, however, there were only four subjects from 
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Discrimination Shift Conditions 


Type No. 


Positive Cue 


Relevant Dimension 


SL 


CF 


Dots 


Dots 


CF 


size 


number 


size 


number 


OL 


circle 
circle 
square 
square 
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circle 
Square 
square 


upper 
upper 
lower 
lower 


upper 
upper 
lower 
lower 
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circle 
circle 
square 
square 


upper 
upper 
lower 
lower 


upper 
upper 
lower 
lower 


left 
left 
right 
right 


left 
left 
right 
right 


SL 


hexagon 
triangle 
hexagon 
triangle 


lower 
upper 
lower 
upper 


lower 
upper 
lower 
upper 


left 
right 
left 
right 


left 
right 
left 
right 


hexagon 
triangle 
hexagon 
triangle 
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Codes 

Al ih 
A2 De 
A3 3 
A4 4 
Bl le 
B2 6 
B3 7 
B4 8 
GLE 9 
C20 
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each of the experimental subject groups remaining for the sixteen 
counterbalanced tasks. Accordingly, only one subject from each group 
(or a total of eight subjects) was available for each major shift 
condition (for example, CF-size: El to E4). The CS subjects were 
assigned across shift conditions so as to counterbalance intelligence, 
sex and age. The codes El through H4 were equated with the random 
numbers seventeen through twenty, respectively (See Table 2), and 
substituted in the random orderings. 

As the subjects were brought to the lab, they were then simply 
listed, one after the other, in their respective experimental subject 


groups, as determined by intelligence, sex and age. 
Stimulus Slides 


Eight trays of slides were prepared in order that the four filmed 
and four control conditions could be presented without reshuffling of 
slides. In each of these conditions, there was a standard sequence for 
the correct cue across the sixty OL and shift learning (SL) trials, in 
accordance with a modified Gellermann (1933) procedure. 

In the filmed conditions, four training slides featuring outline 
drawings of the sun and moon were presented first. Then the first eight 
OL slides were alternated with eight calibration slides, followed by the 
remaining twenty-two slides. In the SL task, the first eight slides 
were again alternated with eight calibration slides, followed by the 
remaining slides of the shift. For the control conditions, slide 


arrangements were identical, with the exception of the calibration 
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slides, which were omitted, since no trials of the control conditions 
were filmed. 

The slides were prepared by photographing black and white 
sketches of the stimuli within outline "boxes". Examples of the slides 


may be seen in Figure l. 


Equipment 


The experiment was conducted in a small, sound attenuated, air 
conditioned laboratory with blackened walls in the Faculty of Education 
Building at the University of Alberta. 

A Polymetrics Products Eye-Movement Recorder (Model V-1164) 
was used to obtain movie photographs of the eye movements of subjects, 


"eye spot'' upon the experimental 


by superimposing a corneally reflected 
stimulus materials. The resultant composite images were filmed by a 
Pathé "professional" 16 mm. camera at a constant exposure rate of ten 
frames per second (See Mackworth, 1967, for full details). A schematic 
view of the recording procedure is presented in Figure 2. 

A random access Kodak Carousel Projector (Model RA 950) was used 
to project 35 mm. stimulus slides onto the rear surface of a translucent 
screen, eight inches square. The screen was approximately twenty-six 
inches away from the subjects' eyes. Spring loaded pressure switches 
which activated low intensity lights in front of the research assistant 
by closing a battery-operated circuit were used to indicate sub jects' 
stimulus choice in the discrimination shift task. 


Task instructions were presented on a Sony Cassette Tape 
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TRAINING 


ORIGINAL LEARNING TASK (OL) 


ID AND ED SHIFTS 


CONTROL SHIFT 


STIMULUS SLIDES FOR DISCRIMINATION 
SHIFT TASK 


Figure lL 
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Recorder (Model TC 110). Eye movement recordings were scored by viewing 


the 16 mm. film on a Kodak Analyst Projector which provided single frame 


projection and stop action. 


Testing Procedure 


The cumulative records of subjects were examined for WISC test 
scores, and those subjects not tested within the previous year were 
given a WISC in the school by the investigator or a research assistant. 
One hundred percent of the Ns and twenty-two percent of the Rs were so 
tested. The R children scoring outside the fifty to eighty full scale 
WISC criterion scores were excluded from the study, as were N children 
scoring below 100. 

Subjects were transported to the university by taxi in groups of 
two to four, where they were individually tested in the laboratory. 
After being familiarized with the apparatus in the laboratory, the 
filmed subjects were seated and fitted with a bite bar to minimize 
head movement. The subjects were then trained to indicate stimulus 
choice by button press, and to view the stimuli for a five-second 
interval before responding. Then the eye movement recorder was cali- 
brated and the discrimination task was explained on tape (See Appendix 
A for detailed testing procedure and taped instructions). Control 
subjects followed the same familiarization and training procedure, with 
the exception of bite bar fitting and filming. 

The stimuli were presented for five seconds, in a modified 


Gellermann (1933) order until the criterion of nine consecutive correct 
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trials was reached, whereupon the shift task was presented without 
announcement, again until criterion, or the maximum of thirty trials. 
Eye movements were recorded for the first eight trials in OL and the 
first eight trials in SL for the filmed subjects. The eye movement 
recorder was calibrated before each filmed trial. Stimulus choices 
were recorded on special answer sheets (See Appendix B), and the sub- 
ject was told whether his choice was correct or wrong. 

Subjects were given five seconds to view a slide before being 
asked to indicate their stimulus choice by button press in order to have 
a standard time base for filmed eye data comparisons. On the average, 
filmed subjects were tested in half an hour, while control subjects 
were tested in fifteen minutes. Thetesting time tended to be longer for 
Rs than for Ns, both because Rs took longer to become familiarized with 
the laboratory, as well as generally requiring more trial presentations 


in’ OL and SL. 


Scoring of Eye Movement Data 


Eye movement data were scored frame by frame using a Kodak 
Analyst Projector, according to the location of the corneal reflection 
on the stimulus field. (The numerical code used is listed in Appendix 
C.) Occasionally, however, as a result of head movement, blinking, or 
a very rapid eye movement, the corneal reflection was blurred or not 


visible. These frames were scored according to the guidelines laid 


down in Appendix C. 
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The fifty frames subsequent to the first noticeable eye movement 
were scored on each trial. The raw data score sheets used to code each 
Pramestor=a=particular*trials—as well -asethe score sheets summing these 
data over ten-frame (one second) intervals, are found in Appendix D. 

In this study, only the summed data for the first thirty frames (three 
seconds) were analyzed. 

The eye movements of three subjects were chosen at random at the 
completion of scoring, to provide a reliability check on the scoring 
procedure. A ninety-six percent agreement was found between the origi- 
nal and the rescored data, based on 2400 frames (fifty frames x sixteen 


trials x three subjects). 


General Experimental Design 


A two x two x three factorial experiment with sixteen and eight 
observations per cell was performed. The factors were, respectively, 
intelligence (Ns and Rs), relevant dimension (CF and Dots), and shift 
type (ID, ED, and CS). There was counterbalancing of the sex and age of 
subjects as well as of the positive (correct) stimulus for both OL and 


SL tasks. A schematic representation of the design appears in Table 3. 


fd si wna Oh ad sin ace ones marae 

pert aita a agin, AD aeEs w v8sey Ay aptatne te as 
sigh sg Als ove Shia sinnngg: MEBoy Poni &.- 
minnahho emel ART DY et 044-35 Sp tale Semone dp te Ea | 


=f ovvel. dum oa 


; >> ae 
vials ndtv a?e0? .: 
fern spat sel a ou a eas = ee | 


einatoyions cohol nese eh uv ray te Le oH . 
inaind Gein bs ned): > Medetrins tea Dee {xt ios 0) aamablagmanyt 
LSS tis Moana jopindowoe sme ppt ot 03 Hn em BG : 
a A BA ah tee sy tieee ada be on Live 5S at 
stig mat 0. eta thant situate 4 atoms Tt 
7 - 
. a 
< 
ann 
as 


Table 3 


Experimental Design 


Subjects Relevant Dimension Type of Shift 


in OL 


CS” {ne 8) 
CENTRAL roms<—— (n"="16) 
(n = 40) EDieK Dy=4L0) 
NORMALS 
(n = 80) 
CS. (n,= 8) 
DOTS ats (n = 16) 
(n = 40) ED (n 16) 
CS in = 8) 
CENTRAL rents <—— (n = 16) 
(n = 40) ED (n = 16) 
RETARDATES 
(n = 80) 
CS (n = 8) 
DOTS a (n = 16) 
(n = 40) ED (n = 16) 
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CHAPTER 5 


DISCRIMINATION SHIFT PERFORMANCE DATA 


TeseseLor Counterbalancing 


Preliminary to the investigation of the postulated hypotheses, 
analyses of variance were run to verify the counterbalancing of sex and 
age in subjects, as well as of positive and negative cues in all task 
conditions. These analyses were run using mean trial of last error 
in the original learning task as the dependent variable. 

In order to test for sex and age counterbalancing in the filmed 
subjects (all subjects except controls, n = 128), a five-way complete 
factorial analysis (two x two x two x two x two) with four subjects in 
each cell was run. The factors were, respectively, intelligence (Ns 
and Rs), sex (boys and girls), age (young and old), shift (ID and ED), 
and relevant dimension (CF and Dots). The results indicated an effect 
of IQ (F = 29.8, df = 1/96, p <.001) and relevant dimension (F = 60.6, 
diet ah.9O sap <e.00h) spbut nosshitt (Feael s2sndieael 9604p, =es27.0), 
ageu(H.= Oso ,edfernl/96,. pi=) -424) sesexy (Fa=,0.034 die=e1/96,0p gec86)) 
nor interaction effects other than intelligence x dimension (F = 9.3, 
df = 1/96, p = .003). Accordingly, sex and age were assumed to be 
counterbalanced for the filmed subjects, and further analyses were 
computed after collapsing across these two variables. 

Additionally, a two (intelligence) x two (sex) x two (age) 
analysis of variance with four subjects in each cell was performed for 


the thirty-two control subjects. Again the results indicated an IQ 
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effect (F = 19.1, df = 1/24, p < .001), but no age (F = 1.8, df = 1/24, 
p = .196), sex (F = 0.003, df = 1/24, p = .959), nor interaction 
effects. Sex and age were thus seen to be counterbalanced for the 
control subjects as well, and further analyses were collapsed over these 
two variables. 

In order to test for counterbalancing of positive and negative 
cues, a one-way analysis of variance was run for all of the OL tasks 
in which CF were relevant, and then for those OL tasks in which Dots 
were relevant for the total subjects. The two dimensions were run 
separately because different cues were involved. The dependent 
variable was the mean trial of last error. From Table 2 it may be seen 
that ten groups each consisting of eight subjects are formed within the 
Crettlmed and control conditions (Al, AZ; A3, AG, Bl; B25 BS, B44, El-4, 
and Fl-4), and another ten groups within the Dots conditions (Cl, C2, 
G3,C4;, DL, D2, D3; D4, Gl-4, and Hl-4). The one-way analysis of 


variance for the CF groups yielded a non-significant main effect 


(F Wl propel a Vial hi howell .771) as did the analysis for the Dots groups 


i 
Il 


(F 0.4, df = 9/70, p = .942) in terms of mean trial of last error. 
It appeared, then, that the effects of positive and negative cues were 
counterbalanced within all task conditions, and consequently could be 
collapsed for further analyses. 

To summarize, it was concluded that the assumptions involving 
counterbalancing of subjects’ sex and age were tenable, as were those 


involving counterbalancing of positive and negative cues within the 


various filmed and control discrimination task conditions. 
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Reporting of Analyses 


Where homogeneity of variance permitted, two-way analyses of 
variance were employed, the factors being intelligence (Ns and Rs) and 
relevant dimension (CF and Dots), with alpha level being .05 for both 
directional and nondirectional hypotheses. If interaction effects were 
found in the analyses of variance, Scheffé tests were calculated to 
determine the simple main effects. Where homogeneity of variance was 
lacking, Welch's t' statistic was calculated (See Winer, p.37). 
Hypotheses involving percentage of learner data were analyzed using ae 

In order to simplify presentation and discussion of data, the 
mean trials of last error (M), standard deviations (sd) and numbers (n) 
of normal and educable mentally retarded subjects for each of the 


separate dimensions in the various shift tasks are presented in Table 4. 


Results for Performance Hypotheses 


1 Comparison of N and R Performance in OL 


Hypothesis 1.1, that based on all subjects the mean trial of last 
error will be lower for Ns than for Rs in OL, was only partially 
supported. From Table 5, which presents data pertinent to this hypothe- 
sis, it may be seen that when CF formed the relevant dimension, no 
significant difference was found between Ns and Rs. In this easy con- 
dition, both groups of subjects experienced little difficulty in solving 
the discrimination task. Thus Hypothesis 1.1 was not supported for the 
CF condition. 


On the other hand, when Dots were relevant to task solution in 
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Table 4 


5D; 


Mean Trials of Last Error (M), Standard Deviations (sd), and Numbers of 


Subjects (n) for OL and SL Tasks 


Relevant Dimension 


Subjects im, OL Snuece 
OL Data OL Data OL Data SL Data 
M sd n M sd n* 
CENTRAL FIGURES cs a7,0 4.0 8 Ded shy 8 
Mea 143 53 
sd = 6.6 ID Lay 1.6) 6 0.4 0.5 16 
n = 40 
NORMALS ED “Wei 9.80 46 16,6 /12.4 7 14 
Me 752 
sd = 10.6 
n = 80 DOTS cs 93 9.4 8 9 1.4 7 
M 11.0 
sd = 11.2 <o io) tier eL6 Oc8). FOne" e120 
n 40 
ED Mega Mae ie: a owe 
CENTRAL FIGURES cs 14750" glass 8 23 50° 14.70 ee 
M= 8.8 
sd = 11.4 ID 6cL Sez) 416 03 Os wel 
n = 40 
RETARDATES ED 8.9 Tiss; a6 24304 LOM Aes 
M = 17.4 
sormg! 3.0 
n = 80 DOTS cS 2053 7=0 8 1 a 6 PP le Z 
M = 26.0 : 
sd = 8.2 ID 23.0, .b0...By kb 0.4 O25 5 
n = 40 
ED 2b 5a. LO 10.0 L.4 2 


* n may be smaller in SL due to some subjects! failing to reach 


criterion by trial 30 in OL 
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Table 5 


Mean Trials of Last Error (M), Standard Deviations (sd), Numbers of 
Subjects (n), and Analysis of Variance for N and R Performance 
in OL 


re 


Intelligence Condition 


M sd n M sd n 
Normals 33 6.6 40 Nie] 1.2 40 
Retardates 8.8 ii 40 26.0 ‘Sra, 40 
Source sums of Squares Df Mean Squares F Ratio ie 
A (Intelligence) Ms wad) ie Nei il CE] a2 48.7 0.000 
B <Condition) is pte) Oa bray b iL S oUo.s L ae yaF 0.000 
A x B 765%.0 r 765.6 On 0.004 
Error 14, 340./ 156 91.9 

Scheffé tests: N vs. R on CF Smet oS 


No Ws. Rh On DOLS F ato.0 <UL 


Die 


OL, Ns learned significantly more quickly than Rs. Judging by the mean 
trial of last error (26.0), the Dots condition was very difficult for 
Rs to solve, with many subjects failing to reach criterion. It appears 
that dimension difficulty is an important variable in comparing the 
discrimination learning performance of Ns and Rs. Only when the 
difficult dimension (Dots) is relevant to solution, does the hypothe- 
sized learning superiority of Ns clearly emerge. 

Hypothesis 1.2, that based on the total subjects, the percentage 
of learners in OL will be higher for Ns than for Rs was again only 
partially supported. While there was a significantly greater percentage 
of N than R learners in the Dots condition (Ns = 78%, Rs = 23%; Nie = 
18.1, d—f = 1, p-one tail < .001), there was no significant difference 
between the percentage of N and R learners in the CF condition (Ns = 95%, 
Rs = 80%: Mae = 0.7, df = 1, p-one tail = .50). These results concur 
with the dimensional difficulty effect found in the previous analysis. 

Because of the presence of the dimensional difficulty effect in 
OL, it could not be assumed that the probability of attending to the 
relevant dimension was equallyhigh for the CF and Dots dimensions during 
discrimination learning. Since hypotheses involving comparisons across 
shifts or samples require the assumption of equality of dimensional 
attending responses, it was not possible to collapse the data over the 
two dimensions. Consequently, where dimensional difficulty could 
possibly affect performance in SL, separate analyses were employed for 
the CF and Dots dimensions. 


Since for each of these dimensions, there were sixteen subjects 
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in the various ID and ED shift conditions and eight subjects in the CS 
conditions, analyses involving OL data were not hampered by minimal 
numbers of subjects (See Table 4). However, the fifty subjects who 
failed to reach the criterion of nine consecutive correct responses in 
OL were dropped from the SL sample; thus the number of subjects in some 
cells on SL was drastically reduced. 

In particular, three cells contained very few Rs: ED shift from 
Dots to CF (two subjects), CS involving Dots (two subjects) and CS 
involving CF (four subjects). It is acknowledged that the data from 
such small numbers of subjects may be biased, and the tentative nature 
of the results involving these cells is stressed; nevertheless, they are 
included in order that some indication be given of the comparative 
performance of subjects under easy and difficult discrimination task 
conditions, and some basis be provided for eye movement comparisons on 


ID and ED shifts, as outlined in the next chapter. 


a bol Ba Comparison of Performance in ID shitty ED Shifty andecs 


Hypothesis 2.1, that for OL learners the mean trial of last error 
in SL will be ordered such that ID shift < CS < ED shift, was supported. 
The mean trials of last error, standard deviations, numbers of subjects 
and analyses used are listed in Table 6. Because of the dimensional 
difficulty effect found in the previous analyses, separate analyses 
were run here for the CF and Dots conditions. Nevertheless, it is seen 
that for both dimensions ID shift is learned in fewer trials than CS, 


thereby suggesting a positive transfer effect for ID shift, while CS is 
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learned in fewer trials than ED shift, thereby indicating a negative 
transfer effect for ED shift. 

Hypothesis 2.2, that for OL learners the percentage of learners 
in SL will be ordered such that ID shift > CS > ED shift, was supported 
in the CF condition but not in the Dots condition. In the CF condition, 
the percentage of learners for ID shift, CS and ED shift was 100%, 75% 
and 41%, respectively, producing a significant difference between ID 
shiftteand.¢S (a = 4.9, df = 1, p-one tail <.02) as well as between 
CSrands BD shire Ges ="2,/;_a~ ="1, p-one taills= 5.05): 

In the Dots condition, the percentage of learners was 100%, 89% 
and 79% for ID shift, CS and ED shift, respectively: Although in the 
predicted direction, no significant difference was found between ID 
shift and CS (1? = 0.1, df = 1, p-one tail = .68) nor between CS and ED 


shift aus = 0.005, df = 1, p = .96) in the Dots condition. 


Loin Comparison of N and R Performance in ID Shift, ED Shift and CS 
ID Shift 

Hypothesis 3.1, that for OL learners there will be no difference 
between Ns and Rs in the mean trial of last error in ID shift, was 
supported for both dimensions (See Table 7). 

Hypothesis 3.2, that for OL learners there will be no difference 
in percentage of N and R learners in ID shift, was supported as well for 
both the CF (a = 0.47, df = 1, p-two tail = .50) and Dots ae =iQ002% 
df = 1, p-two tail = .88) conditions. In the CF condition, 100% of the 


Ns and 94% of the Rs learned the ID shift task, while in the Dots 
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Table 7 


Mean Trials of Last Error (M), Standard Deviations (sd), Numbers of 


Subjects (n), and Analysis of Variance for N and R Performance 


insLDsShLetc 
Intelligence Condition 
CF Dots 

M sd n M sd n 
Normals 0.4 O25 6 0.8 0.6 12 
Retardates G25 O25 TS 0.4 Do. 5 
Source Sums of Squares Df Mean Squares F Ratio Pp 
A (Intelligence) On/ 1 0.7 253 Oki hs 
B (Condition) 0.5 1 WES) a, 0.196 
fax B OL it Om O23 0.601 
Error Le 44 0.3 
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condition, 100% of both the Ns and the Rs learned the task. 

It should be pointed out that because there was no difference 
between Ns and Rs in learning the OL discrimination when CF were rele- 
vant, the equal performance of Ns and Rs in the CF condition of ID 
shift cannot provide a test of attention theory on ID shift. 

ED Shift 

Hypothesis 3.3, that for OL learners Ns will have a lower mean 
trial of last error than Rs on ED shift, was not supported for either 
the CF or Dots conditions (See Table 8). It would thus appear that 
evidence has not been found for the Zeaman and House assumption that Ns 
are more likely to attend to the more critical dimensions when faced 
with a new task than Rs. Nevertheless, from Table 8 it may be seen that 
the difference in mean scores between Ns (16.6) and Rs (24.4) in the CF 
condition is in the predicted direction. In other words, when the shift 
was to a difficult dimension (Dots), there was a greater tendency for Ns 
to attend to the relevant dimension than Rs. This tendency reflects the 
difficulty effect observed in OL with Dots. 

Hypothesis 3.4, that for OL learners a higher percentage of Ns 
than Rs will learn ED shift, was not supported in the CF condition 
(y? = 1.98, df = 1, p-one tail = .08) nor in the Dots condition (ha = 
O02 edf.=. 1 ~p-one tail =*+.45). .In¢the CE condition, ()//7,;0L.the Ns 
and 23% of the Rs learned the ED shift task, while in the Dots condition, 
75% of the Ns and 100% of the Rs learned the ED shift task. While it 
seems surprising that 100% of the Rs learned the Dots condition task in 


ED shift, this result may be partially attributable to the elimination 
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Table 8 


Mean Trials of Last Error (M), Standard Deviations (sd), Numbers of 


Subjects (n), and Analysis of Variance for N and R Performance 


ine D Sh Tet 
Intelligence Condition 
CE Dots 

M sd n M sd n 
Normals jen ete: L204 14 i ie Dae Li36 1s 
Retardates 24.4 1057 is 10.0 i best 2 
Source Sums of Squares Df Mean Squares F Ratio P 
A (Intelligence) YA 1 54.7 0.4 Ona24 
B (Condition) 52550 l sy as ies) 4.0 0.052 
Ase oD Tie if Tia s6 0.9 02355 


Error 4,829.2 a, 130.5 
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of R subjects through failure to learn the OL task, thereby leaving only 
two subjects in ED shift in this condition. 
Control Shift 

Hypothesis 3.5, that for OL learners Ns will have a lower mean 
trial of last error than Rs on CS, was supported for the CF condition, 
but not for the Dots condition (See Table 9). Inspection of the last 
error scores in Table 9, however, indicates that Rs took considerably 
monestrrals to learn than Ns in both the CF and Dots conditions. It is 
suggested that the small number of Rs involved in the Dots analyses may 
have been insufficient to yield significant results in spite of the 
large discrepancy in N and R scores. 

Hypothesis 3.6, that. for, OL learners,a higher percentage of Ns 
than Rs will learn in CS was again supported for the CF condition (ee = 
(eee eet | eep-one tail = 702) but) not “forpeehe: Dots’ condition (1? xa OL5 + 
dé = 1, p-one tail = J26).,.Insethe CF condition 100% of the Ns and 257 
of the Rs learned the CS task, while in the Dots condition 100% of the 


Ns and 50% of the Rs learned the task. 


Summary and Discussion of Performance Results 


The results of analyses relating to performance data hypotheses 
are summarized in Table 10. Some of the parametric analyses involving 
R performance in CS and ED shift with Dots were run with less than five 
subjects. These results were considered tentative and are indicated in 
Table 10 by an asterisk. Alpha level was set at .05 for all analyses. 


Mean trial of last error and percentage of learners constituted the 
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Table 10 


Summary of Results for Performance Data 


— 


Hypothesis Dependent Variable Task Condition 


CF Dots 
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dependent variables. 

In the table, "condition" indicates the dimension which was 
relevant to solving the discrimination problem, and is based on the 
relevant dimension in OL, regardless of the comparisons which are 
involved. Separate analyses were run for the CF and Dots dimensions in 
order to more fully investigate shift effects, since when CF constituted 
the relevant dimension, the learning task was found to be considerably 


easier than when Dots constituted the relevant dimension. 


Te Comparison of N and R Performance in OL 


In Zeaman and House attention theory, retarded children are 
considered to have a low initial probability of attending to the rele- 
vant dimension. This assumption was only partly borne out by the 
results of Hypotheses 1.1 and 1.2, for on the easy dimension no diffe- 
rence was found between Ns and Rs in learning the original task. It was 
only on the difficult dimension that Ns learned the discrimination more 
quickly than Rs. "Thus, it “appears that™=the attention “deficit attributed 


to retarded children may be qualified in terms of task difficulty. 


IDI g Comparison of Performance in ID Shift, ED Shift and CS 


Zeaman and House have also postulated that the probability of 
attending to the relevant dimension once learning has occurred is high, 
and that this attending response is capable of transfer. It is sugges- 
ted that transfer to an ID shift, which arranges for positive transfer, 
is the easiest to learn while transfer to an ED shift, which arranges 


for negative transfer, is the most difficult. Transfer to a CS is 
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considered to be of intermediate difficulty. The results of Hypothesis 
2.1 indicate this to have been the case, with ID shift being learned 
more quickly than both CS and ED shift, and CS being learned more 
quickly than ED shift, regardless of task condition (See Figure 3). 
This would indicate the presence of positive and negative transfer 
effects in the ID and ED shift tasks, respectively, as predicted by 
attention theory. 

The results for Hypothesis 2.2 revealed the predicted order of 
difficulty for the CF condition but not for the Dots condition. The 
reason for the percentage of learners for the Dots condition being 
uniformly high in the shift tasks may lie in a dimension difficulty 


effect, with the slowest subjects having been eliminated in OL. 


Stal, Comparison of N and R Performance in ID Shift, ED Shift and CS 


ID Shgtt 

Because transfer to ID shift maintains the same relevant dimen- 
sion as OL, the probability of attending to the relevant dimension is 
considered to be as high for Rs as for Ns at the commencement of ID 
shift. In keeping with the expectation that Ns and Rs should not differ 
in performance on ID shift, no difference between Ns and Rs was found 
for either Hypothesis 3.1 or 3.2. Although these results apply to both 
the CF and Dots conditions, only the results for the latter are a test 
of attention theory. When Dots were relevant, Rs learned the OL task 
more slowly than Ns; for them to perform as well as Ns on the subsequent 


ID shift is supportive of attention theory. Since ID shift provides for 
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dimensional transfer only, the improved discrimination performance of Rs, 
relative to Ns, in the Dots condition must be attributed to their having 
learned to attend to the relevant dimension in OL, as Zeaman and House 
contend. 
ED Shift 

Because transfer to ED shift makes the irrelevant dimension in 
OL relevant in ED shift, speed of learning this shift task depends on 
increasing the probability of observing the previously irrelevant dimen- 
sion. Although Ns were hypothesized to attend to this dimension more 
rapidly than Rs, the results of Hypotheses 3.3 and 3.4 indicated no 
difference between Ns and Rs in speed of learning the ED shift task. 
Thus no support was found for the Zeaman and House assumption that Ns 
are able to select the important dimensions in discrimination tasks with 
greater efficiency than Rs. 

Control soni te 

Because totally new dimensions are introduced in transfer to a 
CS, it was assumed that Ns would learn the CS task more quickly than Rs, 
on analogy with OL. This expectation was found only for the CF condi- 
tion for both Hypotheses 3.5 and 3.6. The analyses for the Dots condi- 
tion may have been hampered by small numbers of subjects, particularlyin 
terms of mean trial of last error where a large discrepancy was in fact 
evident between Ns and Rs in CS. 

It is interesting that although CS is in a sense a second attempt 
at OL, the results for CS and OL differ in dimensional effects. In OL 


no difference was found between Ns and Rs in the CF condition, while in 


? 
7 : _ 

ai, abksaieate, tensa Fagit gis ctoldm 10145 <2 a) zetene eagesoe a 
ne tinted iit: _isit audersne! to Beaqe «tidde O38 at 

~ ang auoinghestst ¢iubolwepg. ats aajvresdo toe (itipdadeyg 
cruz <piaAwih eBds op. biaeis OT teoslbainged eaew et tases is “7 
us Sietapibel it C166 1. apeedycqut I0 pilses oat 28 weds . 
dace a ely gelntnu! ay Hyane ot MA Oe mr tented soot 

»<s suits av lnapeeus sa net fe! doheS =e “T08 Sn eee siege - 


rr. 


a 


wins sand cmmane sey st). S 

> Shaler: Leek srtauvbgae? ets arizeroegee edt «20 dad eaoane 0 
per) and fee’ its Ook Lie C65 woneivogel dpnil, yah GER 
ted asadaye tind qe berenin ont a 
sn ii 14raw asel $4 Isie3 can Yo area 

7 29 82 ef baw chi omagsed’ aawhitae: 
P 28): demir le dado etifverrsie’ a) ‘ST ~ 
BOF STPIb Jeition i 7) estones: Sey 0 ga 
9 in aN ae RRR a 


: 


flv sdsa cies avtaredichh ivi) Qondenwal > ae =z alee OF 
at oss gewa atte 


ah 


a 


GT qabenwe’ ab hamaaiint wta @:°. ih wet ehiersns semagel 


66. 


CS no difference was found in the Dots condition. Two reasons are 
suggested for this difference. The CS may embody a "learning to learn" 
or practice effect (Reese and Lipsitt, 1970, p.270-278) which interacts 
with dimension difficulty. Also CS subjects were not filmed as they 
solved the discrimination shift task, while the majority of the OL 
subjects (128/160) were filmed. Again the filming process may have 


interacted with dimension difficulty. 


In brief, from the performance data, there appears to be evidence 
in support of Zeaman and House attention theory. An initial deficit 
appears to characterize discrimination learning in educable mentally 
retarded children -- but only when the discrimination task is difficult. 
When the task is easy, Rs appear to attend as well as their CA matched 
Ns, in spite of the vast difference in IQ. There also appears to be 
evidence in support of positive and negative transfer, since speed of 
learning the shift tasks was such that ID shift < CS < ED shift, in 
terms of difficulty. Additional support for the theory of Zeaman and 
House appears in the elimination of the retardate attention deficit on 
the difficult discrimination in ID shift, as may be seen from the 


similar performance of Ns and Rs. 
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CHAPTER 6 
EYE MOVEMENT DATA 


Comparisons for each of the eye movement variables paralleled as 
closely as possible the comparisons which had been drawn for the discri- 
mination performance data. The exceptions concerned CS, as there were 
no recorded eye movements for subjects in this condition. 

With the performance data, it had been found necessary to test 
hypotheses separately for the CF and Dots dimensions, due to variable 
task difficulty. Since comparisons were intended between the dimen- 
sional identification (performance) and observing response (eye move- 
ments) aspects of attention theory, and furthermore, since task diffi- 
culty could conceivably relate to looking behavior, data were analyzed 
separately by dimension for each eye movement variable, as was the case 
for the performance data. Classification by dimension was based on 
relevant dimension in OL, as before. 

The number of subjects involved in each eye movement analysis 
was identical to the comparable performance analysis. As indicated in 
Table 4, there were sixteen subjects in each of the eight filmed OL 
cells, but because those children who failed to learn the OL task were 
dropped from shift analysis, there were varying numbers of subjects in 
each of the SL cells. 

The eye movement variables included frames on relevant dimension, 
frames on irrelevant dimension, total shifts, left-right shifts, and 
unscorable frames. .Each variable was derived for each subject by 


summing for the first thirty frames (three seconds) in each trial 
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over the eight filmed trials in each of OL and SL. 

Because attending to the previously relevant dimension is not 
reinforced, and consequently is open to extinction in the first few 
trials of ED shift, it appeared that differences in looking behavior 
related to attending response might be obliterated by summing for eight 
trials. Accordingly, the analyses involving ED shift were carried out 
for each of the first four trials and summed over eight trials on all 
of the eye movement variables. The results of these analyses were 
similar. Consequently, results for the summed eight trials are reported 
also for ED shift. 

A two (N and R) x two (CF and Dots) analysis of variance was 
employed for all hypotheses, with alpha set at .05. If heterogeneity 


of variance was found, Welch's t' tests were employed (See Winer, p.37). 


Results for Eye Movement Hypotheses 


lk¢ Comparison of Eye Movement Patterns of Nsiand Rs inoL 


Hypothesis 4.1, that for the total filmed samples Ns will look 
at the relevant dimension on more frames than Rs in OL, was not suppor- 
ted for either the CF or Dots conditions (See Table 11). Contrary to 
expectation, Ns and Rs did not differ in time spent observing the rele- 
vant dimension in the OL task. However, all subjects looked signifi- 
cantly more at the CF stimuli than the Dots. 

Hypothesis 4.2, that for the total filmed samples Ns will look 
at the irrelevant dimension on fewer frames than Rs in OL, was not 


supported either for the two conditions (See Table 12). Again contrary 
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Table 11 


Mean Frames on Relevant Dimension (M), Standard Deviations (sd), 
Numbers of Subjects (n) and Analysis of Variance for N and R 


Eye Movement Patterns in OL 


Intelligence Condition 
CF Dots 

M sd n M sd n 
Normals 140.4 Pw By ey? 68.0 30.9 ai 
Retardates 148.9 So 32 Ors 23 eo 37) 
Source Sums of Squares DE Mean Squares F Ratio 2 
A (Intelligence) 82.0 1 S20) 0.0 0.846 
B (Condition) 204 ,480.0 iL 204 ,480.0 Duy) 0.000 
IN Sie 33} 1,800.0 I L,.300%0 fat OsLa7 
Error 104,756.0 124 844 .8 
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Table 12 


Mean Frames on Irrelevant Dimension (M), Standard Deviations (sd), 
Numbers of Subjects (n) and Analysis of Variance for N and R 


Eye Movement Patterns in OL 


or 


Intelligence Condition 
CF Dots 

M sd n M sd n 
Normals 70.4 2k 32 eS Sires 3256 Bz 
Retardates 5 OZ Sle BZ 146.9 Be oa 32 
Source Sums of Squares Df Mean Squares Re Ratio Pe 
A (Intelligence) O94 1 One 0.0 0.989 
B (Condition) 186 ,890.0 il 186,890.0 190.4 0.000 
A xB 4 LOGC0 tb a DH OTe yen @) hea 02053 


Error 121,743.0 124 981.8 
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to expectation, no difference was found between Ns and Rs in looking at 
the irrelevant dimension. Nevertheless, CF were looked at significantly 
more than the Dots, even though irrelevant to solution of the discrimi- 
nation task. 

Hypothesis 4.3, that for the total filmed samples Ns will have 
fewer unscorable frames than Rs in OL, was supported for both the CF and 
Dots conditions (See Table 13). Thus Ns were seen to be less distrac- 
tible generally than Rs. Furthermore, unscorable frames were constant 


over the two stimulus conditions. 


IFES Comparison of Eye Movement Patterns in ID and ED Shifts 


Hypothesis 5.1, that for filmed OL learners there will be a 
greater number of frames on relevant dimension in ID shift than ED 
shift, was supported for the CF condition, but no difference was found 
in the Dots condition (See Table 14). 

Hypothesis.5.2;, that for filmed Ol) learners there will be a 
smaller number of frames on irrelevant dimension in ID shift than in 
ED shift, was similarly supported for the CF condition but not for the 
Dots condition (See Table 14). 

While the results of Hypotheses 5.1 and 5.2 appear to support 
attention theory in the CF condition, it should be pointed out by way 
of qualification that in this condition, ID shift had CF relevant while 
ED shift had Dots relevant. Thus the differences obtained may have been 


due to a dimensional difficulty effect. 
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Tablemls 


Mean Unscorable Frames (M), Standard Deviations (sd), Numbers of 
Subjects (n) and Analysis of Variance for N and R 


Eye Movement Patterns in OL 


Intelligence Condition 
CF Dots 

M sd n M sd n 
Normals O38 12.0 32 9.9 eter 32 
Retardates 12 1242 B2 15.9 1930 32 
Source Sums of Squares Df Mean Squares F Ratio is 
A (Intelligence) 935.0 if 955.0 al 0.044 
B (Condition) se PE) 1 47.5 0.2 0.647 
AxB Lis wh oS lec OsoG25 
Error OY SL L6o 124 222.0 
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eis tes Comparison of Eye Movement Patterns of Ns and Rs in ID Shift and ED Shift 
DmShwes 


Hypothesis 6.1, that for filmed OL learners there will be no 
difference between Ns and Rs in number of frames on relevant dimension 
in ID shift, was not supported for either the CF or the Dots condition 
(See Table 15). Surprisingly, Rs were found to look more at the rele- 
vant dimension in ID shift than Ns. 

Hypothesis 6.2, that for filmed OL learners there will be no 
difference between Ns and Rs in the number of frames on irrelevant 
dimension in ID shift, was supported for both conditions (See Table 16). 
While this finding is in agreement with the prediction from attention 
theory, the fact that no difference was found in OL on the irrelevant 
dimension minimizes its significance here. 

HypoEnesisrOLo, stnat tor tilmed. OLS learners) there will be ewer 
unscorable frames for Ns than for Rs in ID shift, was supported for both 
conditions (See Table 17). Ns were thus seen to be able to concentrate 
more on the stimuli during ID shift than Rs. 

EDeZSDLEt 

Hypothesis 6.4, that for filmed OL learners Ns will have more 
frames on relevant dimension than Rs in ED shift, was not supported for 
either the CF or the Dots condition (See Table 18). Contrary to expec- 
tation, Ns and Rs did not differ in observing the relevant dimension in 
ED shift. 

Hypothesis 6.5, that for filmed OL learners Ns will have fewer 


frames on irrelevant dimension than Rs in ED shift, was not supported 
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Mean Frames on Relevant Dimension (M), Standard Deviations (sd), 
Numbers of Subjects (n) and Analysis of Variance for Eye 


Movement Patterns in ID Shift 


a 


Condition 

Intelligence CF Dots 

M sd n M sd ia) 
Normals 134.1 Wh fa) 16 7032 47.8 12 
Retardates ESAS 45.5 HS) 1626 30.4 s) 
Source Sums of Squares Df Mean Squares F Ratio 2 
A (Intelligence) LORS 0% 0 i 10351020 578 0.020 
B (Condition) 24,462. 2 1 24 ,482.2 lekate 0.001 
A xB byo3255 1 Li 33255 eee) O3319 
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Table 16 


Mean Frames on Irrelevant Dimension (M), Standard Deviations (sd), 
Numbers of Subjects (n) and Analysis of Variance for Eye 


Movement Patterns in ID Shift 


Condition 

Intelligence CF Dots 

M sd n M sd n 
Normals 59:..6 5.6 16 935.0 519 Nes 
Retardates 45.3 41.1 i5 87.8 ees 5 
Source Sums of Squares Df Mean Squares F Ratio P 
A (Intelligence) 92953 I 92923 0.6 0.447 
B (Condition) W402274 L 14 02224 8.9 0.005 
A xB 19639 1 196.9 Onl 02725 
Error 69 ,294.6 44 Vo o74. 2 
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Mean Unscorable Frames (M), Standard Deviations (sd), Numbers of Subjects 


(n) and Analysis of Variance for Eye Movement Patterns in 


ID Shift 
Condition 

intelligence CF Dots 

M sd n M sd n 
Normals YOrL 326 6.8 Poss #2 
Retardates 23 9 era oe 2562, 73025 5 
Source Sums of Squares Df Mean Squares F Ratio “ 
A (Intelligence) SESLON/ l BeoLI eT 4.3 0.044 
B (Condition) LOPL 1 £031 O28 07909 
vse Bi 53.8 ll 53:8 0.1 ORIOZ 
Error 335 P4245 44 766.9 


a Pee Or 


imo: te tee | ¢.oa-/ 
ore Wy i & { aj i 1 oO) 
geen £0 on ts : a.f2 


eas. Ay €-tey,ct 


Table 18 
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Mean Frames on Relevant Dimension (M), Standard Deviations (sd), 


Numbers of Subjects (n) and Analysis of Variance for Eye 


Movement Patterns in ED Shift 


rr eeepc a 


Condition 

Intelligence CF Dots 

M sd n M sd n 
Normals 60.5 28.0 14 1 29; 0 2 
Retardates AY Elon. Me ae iene. De 9608 82.525 2 
Source Sums of Squares Df Mean Squares __F Ratio iM 
A (Intelligence) 1597021 1 1297 O24 ig Omi 
B (Condition) 165226. 2 i L6Oy 228.2 13.6 0.000 
Ae SB 20323 1 203.3 QO. 2 0.661 
Error Shee ow Uy) ele) 37 1,041.0 
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as well for both stimulus conditions (See Table 19). Ns and Rs did not 
differ in observing the irrelevant dimension in ED shift. 

Hypothesis 6.6, that for filmed OL learners there will be fewer 
unscorable frames for Ns than for Rs in ED shift, was supported for both 
the CF and Dots conditions (See Table 20). Once again Ns were seen to 


be less distractible generally than Rs. 


DW 6 Comparison of Eye-shift Activity 


Hypothesis 7.1, that for the total filmed samples there will be 
no difference between Ns and Rs on total shifts and left-right shifts in 
OL, was supported only for total shifts (See Table 21). Thus the total 
eye-shift activity of Ns and Rs did not differ in OL, but Rs exhibited 
more left-right eye-shifts than Ns in OL. These results were found for 
both the CF and Dots conditions. 

Hypothesis 7.2, that for filmed OL learners there will be no 
difference between ID and ED shifts on total eye-shifts and left-right 
eye-shifts, was supported for both the CF and Dots conditions (See 
Table 22). Thus in terms of eye-shift activity, no difference was found 
between ID and ED shifts. 

Hypothesis 7.3, that for filmed OL learners there will be no 
Hafference between Ne and Rs on total shifts and left-right shifts 1 
ID shift, was partially supported (See Table 23.).. Contrary to expec= 
tation, Ns had fewer total shifts than Rs in the Dots condition, and 
fewer left-right shifts than Rs in both the CF and Dots conditions. 


However, no difference in total eye-shift activity was found between Ns 
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Table 19 


Mean Frames on Irrelevant Dimension (M), Standard Deviations (sd), 


Numbers of Subjects (n) and Analysis of Variance for Eye 


Movement Patterns in ED Shift 


eee 


Condition 

peo ee ee a SO 8 ee eee 

M sd n M sd n 
Normals 144.8 2.6%. 14 Sis E16 Py 12 
Retardates 15Ghm «<4G2 123.0) —66),2 2 
Source Sums of Squares Df Mean Squares _F Ratio Pp 
A (Intelligence) 3720.58 ih 3 8729:38 283 0.139 
B (Condition) 10 ,064.9 1 10 ,064.9 6.1 0.018 
AD x48 1,104.3 I 1,104.3 0.7 0.417 
Error 60809 7..9 38 63h.8 
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Table 20 


Mean Unscorable Frames (M), Standard Deviations (sd), Numbers 
of Subjects (n) and Analysis of Variance for Eye 


Movement Patterns in ED Shift 


San ee 


Condition 

USES i Le ee ear 

M sd n M sd n 
Normals Loved ome 14 ee a3 U2 
Retardates Losi Lico iW) 1550 679 2 
source Sums of Squares Df Mean Squares F Ratio P 
A (Intelligence) 634, 3 i 634.3 4.6 0.039 
B (Condition) 425.1 1 425.1 ceo? 0.087 
AB BPA Ne) 1 2 oO ohE 2.4 O2bSL 
Error 5, LUZ ow) USWA ste) 
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Table 21 


Mean Scores (M), Standard Deviations (sd), Numbers of Subjects (n), and 


Analyses of Variance for Total Shifts and Left-right Shitts invoL 


TOTAL SHIFTS 


Intelligence Condition 


Normals 


Retardates 


Sums of Squares Df Mean Squares __ F Ratio 


A (Intelligence) 57 0 
B (Condition) 60.5 
719 

14,888.7 
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LEFT-RIGHT SHIFTS 


Intelligence Condition 


Normals 


Retardates 


Df Mean Squares F Ratio 


A (Intelligence) Looe 
B (Condition) Ao 
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Table 23 


Mean Scores (M), Standard Deviations (sd), Numbers of Subjects (n), and 


Analyses of Variance for 


Intelligence 


A (intelligence ) 
B (Condition) 


Total Shifts and Left-right Shifts in ID Shift 


TOTAL SHIFTS 


Condition 


LEFT-RIGHT SHIFTS 


Intelligence Condition 
CF Dots 

M sd n M sd n 
Normals 14.4 6.0 16 9.4 Dae. Bed 
Retardates 14.8 5.0 Nis 16.6 0 fe 5 
Source Sums of Squares DE Mean Squares F Ratio P | 
A (Intelligence) oT il 138.0 Aad eel 
B (Condition) 25 a2 1 25 2 0.8 Dea oe 
AxB ine) l Lis 3a) Ae 
Error 1,416.5 44 ese 
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and Rs in the CF condition only. 


Hypothesis 7.4, that for filmed OL learners there will be no 
difference between Ns and Rs on total shifts and left-right shifts in 
ED shift, was supported in both the CF and Dots conditions (See Table 


24). Thus Ns and Rs appeared to have similar eye-snifetactivity ienD 


SniLer. 


Summary and Discussion of Eye Movement Results 


A summary of findings relating to eye movement data is presented 
in Table 25. Statistical treatment of these data was similar to that of 
the performance data. Alpha level was set at .05 for all analyses. 
Separate analyses were run for the CF and Dots dimensions. Those 
analyses which were run with less than five subjects in a cell yielded 


tentative findings and are indicated in the table by an asterisk. 


Tes Comparison of Eye Movement Patterns Ge ING hovel INS Stig) (Ol 


In accordance with the theories of Zeaman and House (1963), it 
was expected that Rs would exhibit a deficit in initial observing 
response, as measured by various eye movement variables. In line with 
the assumption that Rs have a lesser tendency to attend to the relevant 
dimension than Ns in a discrimination learning task, it was hypothesized 
that Ns would fixate more on the relevant dimension and less on the 
iurelevant.dimension than Rs in OL. Contrary to expectation, neither of 
these hypotheses was supported. Ns and Rs did not differ in the number 
of frames spent looking at either the relevant dimension (Hypothesis 4.1) 


or the‘irrelevant dimension (Hypothesis 4.2). In other words, no 


sare Ge all : 
ain inf ean Oda eee wie and era Or 


beets Oy RISE ipa — 4s Fi ecitets> eprlieiiS fe -yreee gs 
a a aaa uber) ROA seeds WY, geet? icahdeicmee .2 Tt ak 
— 
ae teet Wi 'vet 20, 26-3 dia Wind 120A os ion 


oe a 
andt odd gah Hatt ew a ae A as wae NORE 343 


hebiery fen: 4a w igay Ble aviX nat Geal ead wenw Walde 


detodnccre Nu oie Sa'wi tour hens Gap Ges wpedind? vot: 


Pee eee ee ee 
te sCfoRd) repall Lip artiste ig rey Ae dite voctusee a 
gotvaséwa intptalad 39 a? talr J iit widest Desks 

dim arch oi .twhdalrar Singer A alten eG tomtaam wh, 


+ pawn les ols (ed wad of aonauhh> ssid «maaan. he wolpgueees 


geo 
a 


86. 
Table 24 


Mean Scores (M), Standard Deviations (sd), Numbers of Subjects (n), and 
Analyses of Variance for Total Shifts and Left-right Shifts 


in ED*Shret 


TOTAL SHIFTS 


Intelligence Condition 


Sums of Squares Df Mean Squares EF eRateio P 


344.2 9) 0.123 
3949 0.4 0.518 
Ue, 0.168 


A (Intelligence) 344.2 1 
B (Condition) 58.9 1 
27259 1 27249 
0001 37 137.9 
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Table 25 


Summary of Results for Eye Movement Data 


ee te eee en Vie BD eee 


Hypothesis Dependent Variable Task Condition 
CF Dots 
fi ree Relevant Dimension OL N = N = R 
ire Irrelevant Dimension OL No -= -R N = R 
fa) Unscorable Frames OL Nees N® xR 


hie ie ek Relevant Dimension TD a pee LD? 7s VED 
ee Irrelevant Dimension LD Core 1D a ne 


Tit ste6.. | Relevant Dimension ID N eee N < 
(oye Irrelevant Dimension ID N ®=) N = 
6E3 Unscorable Frames ID Nia Nea 
6.4 Relevant Dimension ED N «=? R N = R* 
(Se Irrelevant Dimension ED N = R N = R* 
6.6 Unscorable Frames ED Ni eR N < R* 
Vie eal Tote lL Shifts OL N = R N = 
Left-right Shifts OL Nv eS aae N < 
Thee Total Shifts ID = ED ID = ED 
Left-right Shifts ID = ED LD™ =""ED 
Vee’ Total Shifts ID N = R Nw 
Left-right Shifts ID Nicer N < 
het Total Shifts ED N = R N = R* 
Left-right Shifts ED N = R N = R* 


* less than 5 subjects in a cell 
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evidence of an attention deficit in terms of differential looking 
behavior for Rs was found in the OL task (See Figure 4). Nevertheless, 
as may be seen from the figure, Ns and Rs both spent more frames looking 
at the CF stimuli than the Dots, regardless of whether they were rele- 
vant to solution or not. 

That there should be no difference in dimensional looking behavior 
of Ns and Rs is also at variance with the findings of Muir (1971). The 
reasons for this discrepancy in results may arise from differences in 
analytic technique. In Muir's study, data for criterial trials were 
eliminated from eye movement analyses, in contrast to the present study 
where such data were retained. It is possible that since Ns tended to 
learn the discrimination task more quickly than the Rs, their eye 
movement data may have been drawn from trials where they no longer 
needed to search for a solution. Nevertheless, preliminary analyses of 
the first two trials in OL, when no subject could be certain of having 
the solution, revealed no difference in looking at the relevant and 
irrelevant dimensions either. 

For unscorable frames, it was hypothesized that Rs, being more 
generally distractible than Ns, would exhibit more unscorable frames in 
OL, and this was supported (Hypothesis 4.3). Thus Rs appeared to be 


more susceptible to general inattention in OL than Ns, as Muir (1971) 


has reported. 


els Comparison of Eye Movement Patterns in ID and ED Shifts 


It was assumed in this study that eye movements are capable of 
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the dimensional transfer postulated by Zeaman and House. In particular, 
the eye movement variables of frames on relevant and irrelevant dimen- 
sions were considered to reflect positive dimensional transfer to an ID 
shift and negative dimensional transfer to an ED shift. It was expected 
that there should be more frames on the relevant dimension, and fewer 
frames on the irrelevant dimension, in ID shift as compared to ED shift. 

When the comparisons were carried out, however, an interaction 
was noted between dimensional salience and discrimination shift task on 
both frames on relevant dimension (Hypothesis 5.1) and irrelevant 
dimension (Hypothesis 5.2) In the CF condition (where CF were relevant 
in ID shift and Dots were relevant in ED shift), there were more frames 
on the relevant dimension and fewer frames on the irrelevant dimension 
in ID shift as hypothesized. But in the Dots condition, where the 
relevant dimension for the two shift conditions was reversed, there were 
equal frames on relevant and irrelevant dimensions in ID and ED shifts. 
Thus it would seem that when an ID shift (positive transfer) involving 
the more salient dimension (CF) was compared with an ED shift (negative 
transfer) involving the more difficult dimension (Dots), the hypothe- 
sized difference between eye movements in ID and ED shifts was observed. 
On the other hand, when an ID shift involving the more difficult dimen- 
sion (Dots) was compared with an ED shift involving the easier dimension 
(CF), no difference was found between ID and ED shifts. It would appear, 
then, that the dimension with greater salience augmented positive 


transfer and diminished negative transfer, while the opposite held for 


the dimension with lesser salience. 
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In Figure 5, the eye movements of a normal and an educable 
mentally retarded subject are sketched on different trials. It is 
apparent that both subjects spent more time looking at the CF stimuli 
than at the Dots. The interaction between dimensional salience and 
negative transfer is evident in the ED shift trial, for even though the 


subject was transferred from a Dots condition, there is greater looking 


at the CF stimuli. 


eles Comparison of Eye Movement Patterns of Ns and Rs in ID and ED Shifts 
INDY Sawisere 


No difference between Ns and Rs was predicted from attention 
theory in frames on relevant and irrelevant dimensions in ID shift. 
Furthermore, no difference was found between Ns and Rs in looking at 
these dimensions in OL (See Hypotheses 4.1 and 4.2, above). Accordingly, 
it is surprising that in ID shift, Rs should have more frames on rele- 
vant dimension than Ns (Hypothesis 6.1). Although this result is con- 
trary to expectation, it does indicate a relative increase in the 
attending response of Rs when there is positive transfer. Nevertheless, 
a concomitant decrease in attending to the irrelevant dimension was not 
found (Hypothesis 6.2). There was no difference between Ns and Rs in 
frames on irrelevant dimension in ID shift. 

The unscorable frames variable was not affected by positive 


transfer, as predicted; Ns exhibited fewer unscorable frames than Rs in 


ID shift (Hypothesis 6.3). 


ED Shift 


The predicted differences between Ns and Rs in ED shift on eye 
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Eye Movements of Two Subjects for Thirty Frames in Separate 
Discrimination Task Trials 


Figure 5 


9% 


movement patterns were not found, except for unscorable frames where Ns 


once again had fewer unscorable frames than Rs (Hypothesis 6.6). Ns 
and Rs did not differ in frames on relevant dimension (Hypothesis 6.4) 
nor irrelevant dimension (Hypothesis 6.5) in ED shift. The results for 
frames on the two dimensions appear to be in keeping with the lack of 


difference between Ns and Rs in OL. 


IW Comparison of Eye-shift Activity 


The two different eye-shift measures investigated in this study 
might be considered to reflect different perceptual processes. On the 
one hand, total shifts may reflect general perceptual activity, or the 
overall perceptual "style'' of the individual, and may remain constant 
for the individual, irrespective of what is viewed. On the other hand, 
left-right shifts might reflect a more selective kind of perceptual 
activity, and be related to the type of stimulus presented, regardless 
of personality or individual difference variables. 

No difference in total eye-shifts was found between Ns and Rs in 
OL (Hypothesis 7.1), ED shift (Hypothesis 7.4), and the CF condition of 
ID shift, but Rs exhibited more total eye-shifts in the Dots condition 
of ID shift (Hypothesis 7.3). It would thus seem that, generally 
speaking, overall perceptual activity is independent of intelligence 
level. 

On the other hand, selective perceptual activity did appear to 
vary with intelligence, since Rs had more left-right shifts than Ns in 


both OL (Hypothesis 7.1) and ID shift (Hypothesis Jos) @tslostiathighar £1Q 
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subjects might be expected to make more selective comparisons than 
lower IQ subjects, these results appear surprising. A possible expla- 
nation might be that once Ns solved the seven they no longer searched 
the stimulus field. However, this explanation does not appear warranted 
since total shift activity was generally the same for both groups of 
subjects. Perhaps, then, the perceptual activity of Ns was characteri- 
zed by movements other than from one stimulus box to the other. There 
was no difference in left-right shifts between Ns and Rs in ED shift 
(Hypothesis 7.4) nor were there any differences in eye-shift activity, 


total or left-right, between ID and ED shifts (Hypothesis 7.2). 


In summary, there is no evidence from the eye movement data for 
a retardate attention deficit, within the structure of Zeaman and House 
attention theory. Ns do not look more at the relevant dimension and 
less at the irrelevant dimension initially than Rs. Nevertheless, Rs 
do exhibit a constant, artifactual kind of inattention, as inferred 
from their greater tendency towards unscorable frames. Furthermore, 
there is only minimal evidence of dimensional transfer to ID and ED 
shifts. The subjects may have looked more at the relevant dimension 
and less at the irrelevant dimension in ID shift as compared with ED 
shift, thereby suggesting that there may have been transfer of positive 
and/or negative observing response. Additionally, there was no evidence 
for the N and R observing responses in ID and ED shifts predicted by 
attention theory. Contrary to prediction, Rs looked at the relevant 
dimension more in ID shift than Ns, while in ED shift Ns and Rs did not 


differ in attending to the relevant and irrelevant dimensions. On the 
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exploratory variables, Ns and Rs were found to have similar total eye- 
shift scores, but Rs showed more selective (left-right)? shirts in’ OL 

and ID shift than Ns. Dimensional salience seemed to affect the looking 
behavior of both Ns and Rs, for all subjects looked more at the CF 
stimuli than the Dots, regardless of whether these constituted the 


relevant or the irrelevant dimension. 


Additional Eye Movement Data 


In the course of eye movement data collection, it became apparent 
that some subjects, instead of looking at the stimulus elements for the 
full filming time of five seconds, were looking at the stimuli initially, 
but then were gazing directly at the center of the stimulus slide, 
seemingly in anticipation of trial termination. Recent studies have 
indicated that perceptual decentration parallels development of parti- 
cular cognitive abilities in normal and educable mentally retarded 
children (O'Bryan and Boersma, 1970; and Wilton and Boersma, 1970). 
Since the two samples in the present study differed widely in IQ and 
consequently in cognitive ability, it was felt that frames on center 
might provide some useful insight into N and R discrimination shift 
learning performance. 

Operationally, frames on center were defined as the number of 
(ranes coded for the center of the stimulus field; that»is; the corneal 
reflection was on neither the left nor the right box (See Appendix C). 
The possible range of scores was from 0 to 240 (30 x 8) for each of OL 


and SL. This represented the number of frames on center in thestirst 
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thirty frames (three seconds) of stimulus viewing for eight trials. 
Preliminary analyses indicated no effect of dimensional salience 
on frames on center, so the data were collapsed over CF and Dots 


conditions. The data were analyzed by means of Welch's tstests. 


1 Comparison of Frames on Center for Ns and Rs in OL, [Deebifteand 


ED Shift 

From Table 26 it may be seen that frames oncenter were greater for 
Ns than for Rs in OL, ID shift and ED shift. Accordingly, it seems clear 
that regardless of discrimination shift task, Ns had a greater tendency 
to look away from the stimulus boxes and fixate on the center than Rs. 

Two possible interpretations of these results are suggested. To 
begin with, frames on center might indicate a tendency to quick appraisal 
of the stimulus field. Since all subjects were given the same amount of 
viewing time on a trial before being asked for their response choice, 
quick-appraising subjects may have searched briefly initially for the 
correct stimulus and chen fixed their gaze on the center while waiting 
for trial termination. They may have looked at the center rather than 
elsewhere because eye camera calibration required looking at the center 
of the calibration slide. It is not surprising that the normal sample 
with their higher IQs should have exhibited looking behavior more 
characteristic of quick appraisal than Rs. 

Secondly, frames on center might indicate a cognitive ability to 
look away from the stimulus which is responded to, in line with the 
findings of O'Bryan and Boersma (1970) and Wilton and Boersma (1970) 


that lower levels of cognitive development (non-conservation) are not 
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characterized by "decentring" of eye movements from the correct stimulus. 
It would be expected that Ns rather than Rs would exhibit the perceptual 


patterns associated with higher cognitive development. 


Mee Comparison of Frames on Center in ID and ED Shifts 

From Table 26 it may also be seen that in the comparison across 
discrimination shift tasks, ID shift was characterized by a greater 
number of frames on center than ED shift. It thus appears that the task 
at hand is a factor affecting center fixations, with the positive 
transfer situation (ID shift) being more productive of center fixations 
than the negative transfer situation (ED shift). This result suggests 
that less searching of the stimulus field was necessary in order to 
solve the ID shift task than the ED shift task. That the ID task was 
indeed easier than the ED task for all subjects, Ns and Rs, was seen 


above in the performance data. 
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CHAPTER 7 
INTEGRATION AND CONCLUSIONS 


It was the intent of the present study to investigate attending 
responses of normal and educable mentally retarded children in discri- 
mination shift learning. According to Zeaman and House (1963), retarded 
children have an attention deficit when compared to normal children. 
They are said to take longer to attend to the relevant dimension in a 
discrimination learning task. Consequently, they are slower in learning 
the task than normal children. However, as Mostofsky (1968) and Wischner 
(1967) have pointed out, there is circularity of argument here, since no 
objective dependent variable has been employed to measure attending 
response. It was suggested that eye movement measures (Muir, 1971) 
might be useful in providing such an objective measure. 

Accordingly, two separate kinds of data were gathered while 
subjects aged nine to twelve years solved two-choice visual discrimina- 
tion tasks: performance data and eye movement data. For the former, a 
record was kept of the instrumental responses on each trial, and the 
last error preceding the criterial run noted. Those subjects who 
learned the original task (OL) were then transferred to a shift condi- 
tion (SL). Again the last error was noted. A mean trial of last error 
for both the OL and the SL tasks was calculated for each subject group. 
Additionally, the percentage of learners was determined for each group. 
These two measures, mean trial of last error and percentage of learners, 


which were based on the subjects' performance in the discrimination 
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tasks, were considered to reflect a dimensional identification aspect of 
attending response (Goodwin and Lawrence, 1955). 

For the eye movement data, a filmed record was made of the 
subjects' eye movements over the task stimuli for the first eight trials 
in OL and the first eight trials’ in SL, with the exception of subjects 
in the control shift (CS). These data were considered representative of 
an overt observing response aspect of attending response (Wyckoff, 1952). 
The collection of eye movement data concomitantly with performance data 
was intended to provide an objective overt observing response variable 
along with the type of covert observing response variable commonly used 
in the Zeaman and House studies. 

All together, six different eye movement variables were analyzed: 
frames on relevant dimension, frames on irrelevant dimension, unscorable 
Erameseetocalmshifts, Left=richteshifits, and center*fixations. Or these, 
frames on relevant dimension and frames on irrelevant dimension had the 


most obvious bearing on the issue of attention deficit. 


Performance and Eye Movement Comparisons 


ils N and R Comparisons in OL 


In the analyses of the performance data, evidence for a retardate 
attention deficit was found in OL when only one of the two dimensions 
formed the relevant dimension, namely Dots. When the other dimension, 
CF, was relevant to task solution, no difference in learning rate was 
found between Ns and Rs. Thus a difficulty variable was introduced 


into the discrimination task, with Rs learning more slowly than Ns 
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(in other words, exhibiting an attention deficit) only when the difficult 
dimension was relevant. It appears that the occurrence of retardate 
attention deficit in the Zeaman and House model may be limited to 
difficult dimensions. 

In the analyses of eye movement data, no difference in frames 
on relevant and irrelevant dimensions in OL was found between Ns and 
Rs. Ns did not look more at the relevant dimension nor less at the 
irrelevant dimension than Rs in the initial task. It was thus concluded 
that to the extent that frames on relevant and irrelevant dimensions 
reflect dimensional attending responses, independent overt evidence for 
a retardate attention deficit in OL has not been found in this study. 

Nevertheless, there were fewer unscorable frames for Ns than for 
Rs in all conditions of OL, suggesting that Rs may be characterized by 
a general form of inattention, regardless of the task at hand. Similar 
results on unscorable data were obtained by Muir (1971). 

In the OL task, all subjects looked more at the CF stimuli than 
at the Dots, regardless of whether these were relevant to solution or 
not. Clearly the CF dimension had greater salience than the Dots 
dimension. It was noted above that when CF were relevant to solution, 
there was no difference between Ns and Rs in OL task performance. It 


would thus appear that dimensional salience and learning task difficulty 


are functionally related. 


iMee Comparisons across Shift Tasks 


Zeaman and House theory predicts that since ID shift arranges ror 


positive transfer of attending response, ED shift arranges for negative 
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transfer of attending response, and CS arranges for neither positive nor 
negative attending response, the probability of attending to the rele- 
vant dimension should be highest at the commencement of ID shift and 
lowest at the commencement of ED shift, when ID shift’ EDfshieryandscs 
are compared. 

For the performance data this implies that ID shift should be 
easier to learn than either CS or ED shift, while CS should be easier to 
learn than ED shift. It was found that the mean trial of last error was 
ordéredsuch ‘that ID shift < CS < ED shift for both the easy ‘and ‘the 
difficult stimulus conditions, while the percentage of learners was 
ordered such that ID shift > CS > ED shift for the easy (CF) condition 
only. Generally speaking, then, it would appear that there was evidence 
of covert positive transfer on ID shift and covert negative transfer on 
ED shift, as anticipated from attention theory. 

Since CS was not filmed, eye movement comparisons across shifts 
involved ID and ED shifts only. From attention theory, it was predicted 
that subjects should look more at the relevant dimension and less at the 
irrelevant dimension during ID shift than ED shift. This prediction was 
borne out for the easy (CF) condition only. In the difficult (Dots ) 
condition, there was no difference in looking at the relevant and 
iprélevant ‘dimension in ID and ED shifts. Because the results differed 
for the two stimulus conditions, it would appear that dimensional 
salience effect interacted with transfer effect to yield different eye 


movement patterns for the CF and Dots conditions. 


In the CF condition, since the results concurred with the 
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predictions made from attention theory, it could be inferred that 
positive transfer was involved in ID shift and/or negative transfer was 
involved in ED shift. Since there were no eye movement data for CS, it 
is not possible to isolate the effects of positive and negative obser- 
ving response transfer independently of each other. Nevertheless, there 
is another plausible explanation for the CF condition results. It has 
been shown in this study that the CF stimuli have greater salience than 
the Dots stimuli for all subjects. In the CF condition, since CF were 
relevant in ID shift while Dots were relevant in ED shift, the finding 
of more frames on the relevant dimension wnatetns 2 frames on the 
irrelevant dimension in ID shift could be attributable simply to the 
subjects' tendency to look more at CF than at Dots. Thus the results of 
the CF condition comparison of eye movements in ID and ED shifts do not 
provide unchallengeable support for observing response transfer. 

In the Dots condition, however, the evidence for overt attending 
response transfer may be somewhat less equivocal. In the Dots condition, 
Dots were relevant in ID shift, while CF were relevant in ED shift. On 
the basis of predictions from dimensional salience effect, it would be 
expected that the relevant dimension would be looked at more, and the 
irrelevant dimension looked at less, in ED shift (CF stimuli) as 
compared to ID shift (Dots stimuli). On the basis of predictions from 
attention theory, it would be expected that ID shift (positive transfer ) 
would have more looking at the relevant dimension and less looking at 
the irrelevant dimension than ED shift (negative transfer). The 


predictions from attention theory are thus seen to be in opposition to 
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those made from dimensional salience effect. The results, however, 
indicate no difference in observing the two dimensions in ID and ED 
shifts. It thus appears that the Dots condition results cannot be 
attributable exclusively either to dimensional salience effect or 
observing response transfer. On the other hand, these results may be 
inferred if it is assumed that dimensional salience effect and attending 
response transfer interact. In ID shift, positive transfer effect may 
augment observing response to the difficult dimension. Conversely, in 
ED shift, negative transfer effect may decrement attending to the 
salient dimension.. It thus appears that positive and/or negative 
transfer effect may have been present in eye movement patterns across 
discrimination shift tasks. Accordingly, it was concluded that some 
independent evidence for transfer of positive and/or negative attending 


response was found in this study. 


ici) es N and R Comparisons in ID Shift, ED Shift and CS 
ID Shite 

From attention theory, it was postulated that regardless of the 
intelligence of subjects, once learning has occurred, the probability 
of attending to the relevant dimension is high, and furthermore, is 
capable of transfer. At the commencement of ID shift, no difference in 
attending response between Ns and Rs would be anticipated. 

In the performance data, no difference was found between Ns and 
Rs on ID shift in all conditions, as expected. Nevertheless, since no 
difference was found between Ns and Rs in the CF condition of OL, equa- 


lity of performance on ID shift in that condition could not be 
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considered supportive of attention theory. However, in the Dots 
condition of OL, Ns learned more quickly than Rs; consequently, the 
equal performance of Ns and Rs observed in ID shift could suggest that 
Rs had learned to attend to the relevant dimension in Oiz sand. that. this 
attending response had been transferred. In other words, the initial 
attention deficit of Rs observed in OL was eradicated in ID shift on the 
difficult dimension. For this to have happened it is inferred that the 
high probability of attending to the relevant dimension at the conclu- 
saoneote OL, transferred. tol ID- shift. 

With respect to the eye movement variables, no difference between 
Ns and Rs was predicted in looking at the relevant and irrelevant dimen- 
sions in ID shift. Nevertheless, Ns were found to look less at the 
relevant dimension, regardless of whether the easy or difficult stimulus 
conditions were involved, than Rs in ID shift. It thus appears that, 
relative to Ns, there was an increase in the attending response of Rs 
to the relevant dimension with positive transfer. Since Zeaman and 
House assume a deficit in attending response for Rs in OL, with an 
increase to equality with Ns in ID shift, the observed increase for Rs 
does not take the form predicted by the model. 

No difference was found between Ns and Rs in looking at the 
irrelevant dimension in ID shift. On the unscorable frames variable, 


Ns again showed less general inattention than Rs. 


ED Shift 
From the assumptions of attention theory, it was hypothesized 


that intelligence would make a difference in learning ED shift. 
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Although the probability of attending to the dimension which becomes 
relevant in ED shift cannot be determined with any certainty from the 
attending response probabilities in OL, Ns would be expected to have the 
greater probability of attending to this dimension than Rs because in a 
new task they are more likely to select out the important variables 

than Rs. 

On the performance data, it was anticipated that Ns would find 
the ED task easier than Rs. It was found that Ns and Rs did not differ 
in either mean trial of last error or percentage of learners in ED 
shift for both the CF and Dots conditions. Thus there was no support for 
the assumption that Ns would learn ED shift more easily than Rs. 

In terms of eye movements, it was anticipated that Ns would 
fixate more on the relevant dimension and less on the irrelevant dimen- 
Sion than Rs in ED shift. However, no differences in fixation on the 
relevant and irrelevant dimensions between Ns and Rs was found. It 
thus appeared that no objective evidence was found to support the 
contention that Ns are more likely to attend to the important dimensions 
in a new shift task than Rs. 

As before, Ns were found to have fewer unscorable frames than Rs 


in ED shift, again suggesting a difference between Ns and Rs on a 


general inattention factor. 


Controls Shift 


Since the CS is a new task, involving dimensions different from 
those in OL, it was predicted that Ns would have a greater probability 


of attending to the relevant dimension inaCS tthan) Re wecOnathe 
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performance data, Ns were indeed found to have a lower mean trial of 
last error and a higher percentage of learners than Rs in the CF condi- 
tion, as anticipated, but no difference between Ns and Rs was found in 
the Dots condition. There were no eye movement data for CS. 

When the performance results for CS are compared with those for 
OL, a discrepancy is noted with respect to dimensional salience effect. 
Whereas in OL no difference was found between Ns and Rs in the CF condi- 
tion, in CS no difference was found in the Dots condition. Since CS 
subjects were not filmed in the process of learning the experimental 
tasks, the filming procedure may have interacted with dimension diffi- 
culty. For instance, the physical restrictions required for filming 


may have been more distracting for Rs than for Ns. 


Vs Additional Eye Movement Patterns 

In terms of eye-shift activity, Ns and Rs were found to differ 
very little on total eye-shifts, which may represent a general, overall 
kind of perceptual activity. From this it was inferred that total 
eye-shift activity was independent of intelligence level. However, 
left-right shifts, which may represent a selective perceptual activity, 
were found to be more pronounced for Rs than for Ns in OL and ID shift. 
In that Ns, having higher IQs and consequently greater cognitive abili- 
ties than their CA matched Rs, would have been expected to exhibit more 
selective shifts, this result was surprising, and could bear further 
investigation. No difference was found between ID and ED shifts on 
either total or left-right eye-shifts. 


In terms of frames on center, Ns exhibited a greater tendency 
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than Rs to look away from the stimuli and at the informationless center 
on OL, ID shift and ED shift. This would tend to suggest that Ns were 
capable of indicating an instrumental response without continuous 
looking at the appropriate stimulus. Frames on center were also seen to 
be influenced by task conditions, since there were more frames on center 
in the positive transfer situation (ID shift) than in the negative 
transfer situation (ED shift). From this it might be inferred that 
subjects needed less viewing time to decide on a response choice in ID 
Shi cesthan, ingeED shirt. 

Neither the eye-shift patterns nor the frames on center variable 
appears to have direct relevance to observing response transfer as 
postulated by attention theory. Nevertheless, these eye movement 
variables do indicate major differences in the looking behaviors of 
normal and educable mentally retarded children. It is suggested that 
such overt differences might reflect differences in central processing 


of incoming stimuli between Ns and Rs. 


Summary of Performance and Eye Movement Comparisons 


To sum up the results of analyses directly concerning Zeaman and 
House attention theory, it seems that within the framework of a covert 
dimensional identification interpretation, based on instrumental 
response performance, and an overt observing response interpretation, 


based on eye movement patterns, evidence has been cited to support the 


following aspects of the theory: 
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109°, 
in Retardate Attention Deficit 
On the performance data, this deficit was evident on difficult 
tasks only. However, Ns and Rs had similar eye movement patterns in OL. 
In other words, no objective observable evidence was found for a retar- 
date attention deficit. Nevertheless, Rs were found to exhibit more of 


a gross form of inattention than Ns in their eye movements. 


Hee cancer ot Attending Response 


Positive and negative transfer of attending response was evident 
on the performance data with the shift tasks ordered such that ID shift 
< CS < ED shift, in terms of ease of learning. From the eye movement 
data, there was some support for transfer of positive and/or negative 
dimensional attending response, with ID shift possibly characterized 

by more looking at the relevant dimension and less looking at the 


irrelevant dimension than ED shift. 


ities Elimination of Retardate Attention Deficit 

Once Rs learned a difficult task, they performed as well as Ns 
on both positive and negative transfer tasks. The Rs, however, looked 
at the relevant dimension more than Ns when positive transfer was 
arranged. Rather than moving from initial deficit to ID shift equality 
with Ns on eye movements, as attention theory postulates, Rs moved from 
initial equality to ID shift superiority over Ns. 

In general, then, it may be seen that the results of this study 
were generally compatible with the predictions of Zeaman and House 


attention theory when instrumental response performance formed the 
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dependent variables, but not when eye movements formed the dependent 


variables. 


Limitations of the Study 


The conclusions concerning attending response reached in this 
study must be qualified by the following limitations: 

(1) Slamecka's (1968) total change design was used in order to 
assess dimensional transfer without instrumental response interference. 
Nevertheless, because the two dimensions involved in the discrimination 
task were not of equal difficulty or salience, positive and negative 
transfer effects could not be clearly evaluated. This was particularly 
true of the eye movement data. 

(2) The adoption of a non-correction testing procedure along 
with a thirty trial maximum for each discrimination task, shift or 
original, caused a number of subjects to be eliminated from the shift 
conditions. This decrement, combined with the necessity of running 
analyses separately for the two dimensions, meant that for some of the 
analyses, small numbers of subjects were involved. In particular, there 
were less than five retarded subjects in the Dots condition of ED shift, 
and in all the conditions of CS. Analyses involving these subjects 
were run for comparative purposes, but the results were advisedly 
tentative. 

(3) All of the eye movement variables were based on the first 
eight trials of both OL and SL for all of the subjects included ina 


particular condition. No attempt was meade tO) seer ees ee sub jects 
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according to commencement of criterial run. Consequently, while some 


subjects may have solved the task within the first eight trials, others 
may have still been searching for a solution. It was suggested that 
perhaps such criterial diversity may have obscured real differences in 
the attending response of the two sample groups, or perhaps even in 
comparisons across shift tasks. Nevertheless, preliminary analyses of 
eye movements in each of the first two trials of each task, when all of 
the subjects were still theoretically evaluating the stimuli, produced 
results compatible with the analyses for the combined eight trials. 

(4) During the discrimination tasks, the subjects' field of 
vision was narrowed by apparatus and lighting to the translucent screen 
on which stimuli were presented. The suggestion was made that such 
restrictions would be of less benefit to Ns who are said to channel 
their energies as required anyway, than to Rs who are considered to be 
easily distractible from the task at hand. Such limitation of competing 
stimulation from the environment might constitute an atypical discri- 
mination learning situation and consequently obscure ordinary normal- 
retardate differences. Nevertheless, on unscorable frames, Rs were 
found to be more subject to gross distractiblity than Ns in this study. 

(5) While the present study was carried out within the general 
framework of attention theory, several boundary conditions of the theory 
were not met. Zeaman and House adopt a correction procedure to ensure 
learning in discrimination tasks, but here a non-correction procedure 


was used in order to avoid obscuring or confounding of the observing 
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reinforcement in their learning investigations, whereas in this study 
both positive reinforcement ("correct") and punishment ("wrong") were 
employed, so as to facilitate learning as quickly as possible within the 
30 trial maximum on each task. Furthermore, Zeaman and House match 
their normal and retardate subjects on mental age, while here subjects 


were matched on chronological age, in order to investigate developmental 


aspects of observing response. 


Implications 


Although the instrumental response performance of subjects in 
this study has generally followed the outlines of attention theory, the 
attempt to validate the theory by providing an objective measure of 
attending response has met with limited success. That Ns and Rs do not 
differ in looking behavior involving relevant and irrelevant dimensions 
in the initial discrimination task raises serious doubts concerning the 
Zeaman and House contention that Ns have a greater tendency to attend to 
the relevant dimension initially than Rs. While it may be argued that 
looking at the relevant and irrelevant dimensions does not adequately 
reflect attending response, it may be counterargued that no other 
independent variables seem to reflect it either. This leaves attention 
theory still open to the criticisms raised by Mostofsky (1968) and 
Wischner (1967). 

Nevertheless, some eye movement results appear fruitful apart 
from attention theory considerations, and could have significance for 
further research involving normal and retarded samples. The finding 


that Rs exhibit more relevant looking behavior than Ns on ID shift, for 


wrset die geet bhida! fips Letnace Ai onigasneaiie bet ate 
levugesnleinb, a4gatrenind of aulgn, Hoye eatantmends am Desisana 
ones gotvranee i a3800m 


ch ptowipe Te Asnaratheuih wane Hiephertiene ode Hanah _ 
ad). vIQees yssesee 26, PUnhsNy Aas tawatiod _lierenny atal ghee athe” 

3” wieee aT hinetic ws sale tunta (4 geoeds atta otsbtier 03 Sqhergn, ss 
UR eo ee ee voragens 2athowsae 
nes Pomel vid valet ber, inst )er qgeuwlevel aabreded antdegl at sehr | 
wld Pitweures adwob wdeltes aities fea nojigutartocls latatas edo aihic] 
nd Ghee Oo, (onabGns telewg sordid db Helene Mase at ha ane 

eed (lewgeth od gee a) of toh A A * 
Gledsageles 190 ocb eqoiaiNaly seavolaTa) Ute tqmeaton adv 1 antdont | 


- Fish ou ar Doulton 08 a 9 hme, an thontan aoe 
miients Gevenh eet .indig 3h snghhnn. a Aunts @eleta reg saghasgebsk | 
7 


Bee RRGes) qtawtent gf teeth, sgliviabys 0f9 of .neqo Lise, qoena” 
(reed) vant 
eee FRA G1 luke Seth aoe Wag eonl« sear 7 _ 


1133 
example, raises questions concerning retardate functioning in a positive 
transfer task. Similarly the findings that Rs exhibit more selective 
eye-shifts than Ns raises questions concerning the relative efficiency 
of information processing by Ns and Rs. 

Mackworth and Bruner (1970) have shown that children are less 
efficient in their visual search of a stimulus field than adults. By 
analogy, since the Rs in this study were of lower mental age than the 
Ns, it may be anticipated that their search strategies would be less 
effective than that of Ns. Such ineffective strategies may reflect a 
deficiency in information processing of incoming stimuli. Paradoxically, 
in this study Rs appeared to employ better search strategies than Ns. 
Further research into the relationship between search strategies and 
information processing would appear warranted. 

The issue of dimensional salience appears to have important 
ramifications for retardate learning as well, since tasks involving very 
obvious or eye-catching stimuli are solved as easily by Rs as by Ns. 
This would suggest that perceptual factors relating to the visual 
distinctiveness of stimuli are important influences on learning. Such 
distinctiveness may aid learning by simplifying information processing. 
Further investigations to clarify the relationship between dimensional 


salience and information processing by Ns and Rs would appear to be 


indicated. 
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APPENDIX A 


LABORATORY PROCEDURE AND TAPED INSTRUCTIONS 


L256 
LABORATORY PROCEDURE AND TAPED INSTRUCTIONS 


1. S enters lab 

2. Tour of lab and explanation of equipment 

3. » isiseatedtin'’chairs’chair adjusted: rough alignment of eye camera 

4. Bite bar explained; S fitted with bite bar; S given ''Smarties" or 
"Sweetarts" (No bite bar for control Ss) 

5. Training for button press (no slides; on tape; verbal reinforcement ) 


"There is a button for you to press with each hand. Now 
press the button with THIS hand. (E indicates S's left 
hand; E says 'Good') Now push the button with the other 
hand. (E: 'Good') Push only one button at a time. Now 
try that again. Push the button with THIS hand (left 


hand indicated). Now the other one." (E: ‘'Good') 
6. Training for button press (slides 1, 2, 3 & 4 synchronized with tape; 
verbal reinforcement ) 


"Now look'at these pictures on the screen. There is a 
sun and a moon. Keep looking at them until I tell you 
what to do. (Pause 5 sec.) Push the button which is on 
the same side as the sun. Push the button only once. 
(E: 'Good') Now I will show you some more pictures. 
Look at them carefully until I tell you what to do. 
(Slide # 2 for 5 sec.) Push the button which is on the 
same side as the sun is now. (E: 'Good') Now look at 
these pictures until I tell you what to do. (Slide # 3 
for 5 sec.) Push the button which is on the same side as 
the moon. (E: 'Good') Now look at these pictures. 


(Slide # 4 for 5 sec.) Push the button which is on the 


same side as the moon." (E: 'Good') 
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7. Calibration of eye camera (S on bite bar; verbal instructions) 
8. Task instructions (on tape; S off bite bar; screen blank) 


"Now we are going to play a game. On the screen there 
will be two pictures. You will notice that each of these 
is different. One of them will always be the correct 
one, and I will tell you if the one you choose is right 
or wrong. Now what you have to do is learn which one is 
always the correct one. This is the way you do it. Look 
at the two pictures very carefully and decide which one 
you think is the correct one. I will tell you whether 
the one you choose is right or wrong. Remember to look at 
both pictures very carefully, and to push the button when 
I tell you. Do not come off the bite bar until you are 


told to do so." (last sentence deleted for control Ss) 


Filmed conditions (Al to D4) 
OL starts with slide # 5 (calibration slide) 


SL starts with slide # 43 (calibration slide) 
Control conditions (El to H4 ) 
OL starts with slide # 5 (trial # 1) 


SL starts with slide # 35 (trial # 1) 


S off bite bar on non-filmed trials 
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APPENDIX B 


DISCRIMINATION SHIFT RESPONSE SCORE SHEET 
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APPENDIX C 


NUMERICAL CODE FOR SCORING EYE MOVEMENT DATA AND 


GUIDELINES FOR UNSCORABLE FRAMES 


Pee 4) 35 


sae ee OLS 3. 


"a tapi, 
ape Maar passers apart 


+2 Yoana 


a) a (ee ie 


{ ae > 
os 
o 
: a 


LOE 


eye 


eye 


eye 


eye 


eye 


eye 


eye 


eye 


total shifts of eye spot, not counting unscorable frames (8) 
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NUMERICAL CODE FOR SCORING EYE MOVEMENT DATA 
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on relevant dimension, correct cue 

on relevant dimension, wrong cue 

on irrelevant dimension, cue is in correct box 
on irrelevant dimension, cue is in wrong box 
on correct box, but not on any cue 

on wrong box, but not on any cue 

on center, not on either box 


blurred, missing or indefinable (unscorable) 


130, 


left-right shifts of eye spot, from one box or cues within it to the 


OLher pox OF cues within, it, for-example, from) (2) 'to (a), not 


counting center fixations (7) and unscorable frames (8) 


If there is a single unscorable frame, it is scored as the preceding 


frame. 


GUIDELINES FOR UNSCORABLE FRAMES 


Tf there are two consecutive unscorable frames, the first is scored 


as 


the immediately preceding scorable frame, and the second is 


scored as the immediately following scorable frame. 


If there are three or more consecutive unscorable frames, then they 


are scored (8). 
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APPENDIX D 


EYE MOVEMENT SCORE SHEETS FOR RAW DATA AND SUMMATIONS 
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